fiber-glass reinforced epoxy pipe... offers new 


diameters from inches inches 


CONSIDER THE APPLICATIONS VERSATILE 


BONDSTRAND YOUR OPERATIONS! 
THE CHEMICAL INDUSTRY 


KEY DATA: Bondstrand pipe weighs much steel pipe equal 

strength and capacity...Inside diameters from inches, inches special Consider the advantages Bondstrand for: 
order... Nominal working pressures 250 psi (Bondstrand 250) and 500 psi (Bondstrand Most dilute acids and alkalis 

joints permanently made using Bondstrand fittings and coup- Corrosive salt solutions 
lings...Tensile strength, hoop 80,000 psi; longitudinal, 40,000 scale Stacks and ducts for chemical fumes 
formation, cold flow, deformation, leakage liquids Vegetable and animal oils 

gases, even near-bursting pressures (5,000 psi)... Conforms ditch contours Foods and beverages 

field engineering service. Petroleum products 


Electrical conduit 
FOR BONDSTRAND TECHNICAL DATA and recommendations 


for your piping problems, write today, giving pressure, temperature, environment, Bondstrand ideal for the piping fluids which 
and material handled. corrode metal pipes, which are contaminated 


flavored metal. 
Dept. G-E 


4809 Firestone Boulevard 
South Gate, California 
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try titanium 


that there’s plentiful supply titanium, all industry 
can benefit from its unique corrosion resistance. This prop- 
erty combined with unusually high strength-weight- 
ratio that titanium works equally well stationary and 
moving components, under vacuum pressure. 

But there may even more compelling reasons for trying 


WHERE YOU CAN GET TITANIUM EQUIPMENT NOW! 


Electromet 


The terms and “Union Carbide” 
are registered trade-marks Union Carbide Corporation. 


now! 


titanium now. Will its exceptional corrosion resistance mean 
new maintenance? Will its ability retain strength 
high temperatures mean new production economies? Can 
titanium help you obtain increased product quality yield? 

There only one way ascertain what titanium can for 
you. Try now. You can’t afford not to. 


Booklet tells where you can get titanium mill 
products and fabricated equipment. Also gives 
cost-saving service records process industries. 


ELECTRO METALLURGICAL COMPANY 
Division Union Carbide Corporation 


East 42nd Street, New York 


Please send copy “New Heat Titanium.” 


Address 
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Says corrosion engineer, found Galvomag 
magnesium anodes are the only thing that will work eco- 
nomically. And they don’t give interference problems, 
either. particularly like them for protecting coated lines 
and bare lines stream and road crossings.” 


get many reactions like this from men who work with 
pipelines. That’s because Galvomag® anodes deliver 25% 
more current than conventional anodes. This extra throwing 


YOU CAN DEPEND 


ASSOCIATION 


“Sure, use Galvomag Anodes for our underground lines. 
They’re the best low-cost protection.” 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Laboratories, Inc., Blawnox, Penna. Stuart Steel Protection Corp., Plainfield, N.J. The Vanode Co., Pasadena, Calif. 


power provides that added margin protection often 
needed underground pipelines. 


few dollars invested Galvomag anodes pays handsome 
dividends terms longer service life for equipment, less 
maintenance and fewer service interruptions. For under- 
ground metal structures, magnesium anodes are your best 
bet. For facts, figures and technical assistance, contact one 
the firms listed below write us. THE DOW CHEMICAL 
Midland, Michigan, Dept. 
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devoted entirely to corrosion 
research and control 
Published monthly as its official journal, by the Na- 
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Houston, Texas, U. S. A., as a permanent record of 
progress in cvurrusion control. 
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in-plant corrosion tests 
help you answer 
this kind 
multiple-choice question 


The alloy samples shown left and right 
were exposed 306 days corrosion. 

They were exposed standard Inco in- 
plant corrosion test racks equipment 
condensing coal tar fraction containing 
approximately 450°F. Nine different types 
ferrous and nickel-base alloys were 
tested. 

The story they tell clear. 
particular equipment, with this particular 
corrosive, Inconel* nickel-chromium 
the alloy choice for longest service 
life. 

the producer concerned, this in. 
formation was useful specifying ma- 
terials for new condenser. And, ex- 
tension, should prove useful other 
makers coal tar products. But that’s 
not why we’re telling you about it. 

More important far! This demon- 
strates one the Inco Corrosion Engi- 
neering services that help you answer 
specific questions material selection. 

Nearly always these are multiple-choice 
questions with, this case, thousands 
dollars hanging the answer. What 
Inco does all-out get the factual 
evidence you need for decision. 


Need Help With Corrosion 
Problem Your Own? 


Very often, the answer stubborn prob- 
lem may found our codified files, 


covering thousands case histories. 


Where necessary, will help you initiate 
in-plant corrosion test. Simply write 
Inco’s Development and Research Divi- 
sion. (If you like, will send you 


Corrosion Data Work Sheet, which makes 
easy outline the problem). 
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(Continued on Page 8) 


H, A. Humble 
| 
| 
| 
Ebasco Services, Inc. | 
H. W. Wahilquist | 
J. L. Williams 
L. Parker 
Ae 
; 
| 
L. W. Vollmer 
W. W.. Eckles 
tes 
3 Wm. H. Stemler 
j 
| A. Damiano 
i 
R. P. Gregory 
Hoste: 
W. C, Dahlman 
H. D. Carmouche 
| 


Ic. 


valif. 


case against corrosion 


Longitudinal photomicrograph U-44-2 
the microstructure observed 
the wrought iron pipe. 


This report deals with the metallurgical examination 
length 114” wrought iron pipe with coupling, 
submitted our laboratory for investigation and 
comment. 

The sample submitted had been service for 
years hot water line, yet was found ex- 
cellent condition. The inner surface the pipe 
showed light, tightly adherent products corrosion. 
Underlying galvanizing the inside the pipe was 
virtually intact. 

Drillings taken from the pipe analyzed follows: 
Carbon—.018%; Manganese—.050%; Phosphorus— 
.142%; Sulphur—.018%; Silicon—.174%; Iron Sili- 

Wrought iron pipe’s years unfailing service 


this installation may traced its unique de- 
fensive network glasslike iron silicate fibers. Serv- 
ice records such this one present very strong 
case for wrought iron pipe’s outstanding corrosion 
resistance. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


*Name actual installation given request. 


Write for free cloth-bound book, Wrought Iron: 
Its Manufacture, Characteristics and Applications. 
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Natural Gas Pipeline Co. of America 
A, F, Schmierer 

New Jersey Zinc Co, of Pa., The, 
Research Dept. 
E. A, Anderson 

New Orleans Public Service, Inc. 
Lionel J. Cueullu 

Nicolet Industries, Inc. 
Ladd L, Wilson 

Nooter Corp. 
P. H. Smith 

Norfolk & Western Railway Co. 
L. Crockett 

Northern Illinois Gas Co. 
M. G. Markle 

Northwestern Utilities, Ltd., 
M. E, Stewart 


Oakite Products, Inc. 
Robert F. Ayres 
Ohio Oil Co., The 
Ralph M. Slough 
Oil Well Supply Co. 
F. L, Current 
Oklahoma Natural Gas Co. 
P. K. Wallace 
Olin Gas Transmission Corp, 
oO. C. Roddey 
Omaha & Council Bluffs Electrolysis 
Committee 
R. A. Pesek 
Otis Pressure Control, Ine. 
W. M. Kelly 
Owens-Corning Fiberglas Corp. 
E. J. Pennell 


Pacific Gas & Elec. Co. 
Roy O. Dean 

Pacific Lighting Gas Supply Co. 
N. K. Senatoroff 

Pacific Northwest Pipeline Corp. 
William C, Brady 

Page-Hersey Tubes, Ltd. 
John D. Breithaupt 

Pan American Petroleum Corp. 
Joseph B. Clark 

Panhandle-Eastern Pipe Line Co. 
M. K. Hager 

Parker Rust Proof Co. 
KE, W. Richards 

Pennsalt Chemicals Corp. 
R. R. Pierce 

The Pennsylvania Railroad Co. 
M. A. Pinney 

Peoples Gas Light & Coke Co., The 
J. L. Adkins 

Perrault Equipment Co. 
V. Malcom 

Petrolite Corp. 
G. J, Samuelson 

Philadelphia Electric Co. 
S. Halfmann 

Philip Carey Manufacturing Co., The 
W. T. Ferrell 

Phillips Petroleum Co, 
Frederick A, Prange 

Pipe Line Service Corp. 
F, C, Yeazel 


Pipe Linings, Inc. 
Robert L. Hansen 

Pittsburgh Coke & Chemical Co. 
A, E. Gray 

Pittsburgh Plate Glass Co. 
Firmin A. Hickey 

Plantation Pipe Line Co. 
W. G. Horstman 

Plastic Applicators, Inc. 
H. M. Kellogg 

Plastic Engineering & Sales Corp. 
R. B. Bender 

Plicoflex, Inc. 
B. E. Black 

Portland Pipe Line Corporation 
Carlton L. Goodwin 

Potash Company of America 
John S, Alexander 

Premier Oil Refining Co, of Texas 
David D. Pickrell 

H. C. Price Co. 
R. P. White 


Procter & Gamble Co., Engr. Div., The 


George F. Lockeman 
Production Profits, Inc. 
H, L. Bilhartz 
Products Research Service, Inc. 
Philip Wogan 
Public Service Electric & Gas Co. 
Donald C. Luce 
Pure Transportation Co. 
D. C. Glass 


Raytherm Corporation 
Raymond Young 

Reilly Tar & Chemical Corp. 
J. H. Barnett, Jr. 

Remco Pipeline Equipment & Supplies 
Bo Bardsley 

Republic Steel Corp. 
Giles Locke 

Reynolds Metals Company 
Robert S, Dalrymple 

Cyrus Wm. Rice & Co. 
James K. Rice 

Richfield Oil Corp. 
D. F, Purdy 

tobinson, E. W, Supply Co. 
T. S. Blanton 

Rochester Gas & Electric Corp. 
Edward J. Nelson 

Rockwell Manufacturing Co. 
Jack W. Harris 


Rockwell Mfg. Co., Nordstrom Valve Div. 


J. B, Dotson 
Rosson-Richards Co. 
S. L. Richards, Jr, 
Russell, G, I., & Company Ltd, 
Gordon I. Russell 
Rust Proofing, Ine. 
Harold B. Newsom 


St, Joseph Lead Co. 
Dwight Marshall 

St. Louis Metallizing Co, 
Walter B. Meyer 

St. Louis-San Francisco Railway Co. 
B. H. Crosland 

Salt Lake Pipe Line Co. 
L, G. Haskell 

San Diego Gas & Electric Co. 
Donald P, Armbruster 

San Francisco Water Dept. 
James H. Turner 

Sargent & Lundy 
Ludwig Skog, Jr. 

Sensitive Research Instrument Corp. 
H. Russell Brownell 

Service Pipe Line Co. 
J. R. Polston 

Shamrock Oil & Gas Corp., The 
Dan Long 

Shell Chemical Corp. 
A, L, Petersen 

Shell Development Co. 
R. S. Treseder 

Shell Oil Co., Inc. 
J. G. Wilson 

Shell Pipe Line Corp. 
W. Heyden 

Shippers’ Car Line Corp. 
Ernest H, Colby 

Signal Oil & Gas Co. 
E. O, Kartinen 


Sinclair Oil & Gas Co. 
E. H. Counts 
Sinclair Pipe Line Co. 
Glenn L. Ladd 
Sinclair Research Laboratories, Inc. 
F, M, Watkins 
Sline Industrial Painters 
Louis L, Sline 
A. O, Smith Corp. 
L. ©. Wasson 
Socony Mobil Oil Co. Ine., 
Central Pipe Lines Div, 
Gerald J. Paisley 
Socony Mobil Oil Co, Inc., 
Eastern P, L. Div. 
S. Kleinheksel 
Socony Paint Products Co. 
Paul L. Lotz 
Sohio Petroleum Co. 
S. B. Lisle 
Sohio Pipe Line Co. 
A. A, Dorffi 
South African Bureau of Standards 
Clemens Crispus Van Der Merwe 
Southeastern Pipe Line Co. 
B. W, Winters 


Southern Bell Telephone & Telegraph Co. 


T. J. Cook 

Southern California Gas Co. 
J. S. Dorsey 

Southern Counties Gas Co, of Calif. 
W. C. Mosteller 

Southern Minerals Corp. 
F. P. Peterson, Jr. 

Southern Natural Gas Company 
oO. W. Clark 

Southern Pacific Company 
W. M. Jaekle 

Southern Union Gas Co. 
N. P. Chesnutt 

Southland Paper Mills, Inc. 
A, E. Drew 

Southwest Natural Gas Co. 
F. A. Merfeld 

Southwestern Gas & Electric Co. 
Frank M. Wilkes 

Southwestern Plastic Pipe Co. 
Ray Perkins 

Southwestern Public Service Co. 
H. O, Hodson 

Spencer Chemical Company 
Ralph D. Miller 

Standard Oil Co, of Calif. 
D. Rover Loper 

Standard Oil Co. (Ind.), 
Pro. Pipe Line Dept. 
Vv. M. Kalhauge 

Standard Pipeprotection, Inc, 
Hugh W. Baird 

Standard Railway Equipment Mfg. 
J, S. Swann 

Stauffer Chemical Co. 
J. B. Ceecon 

D. E, Stearns Co., The 
D, E. Stearns 

Georges Poirier 

The Hayne Stokes Co. 
Hayne Stokes, Jr. 

Sun Oil Co, Production Laboratory 
William F. Oxford 

Sun Pipe Line Co. 
W. H. Stewart 

Sunray Oil Corp. 
R. H. Poetker 


Superior Tron Wks. & Sply. Co., Ine 


Vv. J, Martzell 
Superior Oil Company, The 
William H. Edwards 


Tennessee Gas Transmission Co. 
J. L, Parrish, Jr. 

Texaco-Cities Service Pipe Line Co. 
B. W. Nedbaiek 

Texas Company, The 
W. S. Quimby 

Texas Eastern Transmission Corp, 
Pat H. Miller 

Texas Electric Service Co. 
Cc. W. Geue 

Texas Gas Transmission Corp. 
Fred D. Stull 

Texas Gulf Sulphur Co. 
Cc, O, Stephens 


Co. 


Texas Pipe Line Co., The 
Paul T. Miller 
Texsteam Corporation 
L. V. Musgrove 
Tex-Tube, Inc. 
R. W. Kearney 
Thornhill-Craver Co. 
Cc. R. Horn 
Tidewater Oil Co. 
A, M. Mouser 
Tinker & Rasor 
Leo H. Tinker 
Trans-Arabian Pipe Line Co. 
P. P. Nibley 
Transcontinental Gas Pipe Line Corp. 
S. J. Bellassai 
Trans Mountain Oil Pipe Line Co. 
David M. Allan 
Trans-Northern Pipe Line Co. 
L. R, Dickinson 
Tresco, Inc. 
D. L. Korn 
Triangle Conduit & Cable Co., Inc. 
Clyde V, McKay 
Trunkline Gas Co. 
A. T. Surber, Jr. 
Tube-Kote, Inc. 
E. G. Holm 
Tube Turns Plastics, Inc. 
George H. Hunt 
Tuscarora Pipe Line Company, Ltd, 
John W. de Grott 


Union Carbide Corp, 
feorge A, Sands 

Union Electric Co. 
George P, Gamble 

Union Gas Company of Canada, Ltd. 
Ralph E. Kuster 


Union Oil Co. of Calif., Research Center 


J. E. Sherborne 

Union Pacifie Railroad Co. 
Lee S. Osborne 

Union Producing Co. 
EK. L, Rawlins 

United Gas Corp. 
Cc, L. Morgan 

United Gas Pipe Line Co. 
M, V. Cousins 

United States Pipe & Foundry Co. 
A. E. Sehuh 


U. 8. Steel Co., National Tube Division 


V. V. Kendall 

United States Steel Corp., Applied 
Research Laboratory 
Cc, P. Larrabee 

Universal Control Corp. 
Charles D, Peterson 

Universal Oil Products Co. 
Eugene M. Matson 


Vapor Honing Co., Inc. 
Jack Eggleston 

Vapor Recovery Systems Co. 
Frank V. Long, Sr. 

Visco Products Co,, Ine. 
D. Jacks 


Weirton Steel Co. 
E, O. Burgham 
Western Kentucky Gas Co. 
J, L. Bugg 
Western Natural Gas Co. 
Paul C, Wright, Jr. 
Wheeling Steel Corporation 
Henry A. Stobbs 
Williams Brothers Co. 
C, M. Collins 
T. D. Williamson, Ine. 
T. D. Williamson, Jr. 
Wisconsin Protective Coating Co. 
Francis J. Ploederl 
Worthington Corp. 
W. M. Spear 
Wright Chemical Corp. 
Paul G, Bird 
Wyandotte Chem, Corp. 
L. W. Gleekman 


Youngstown Sheet & Tube Co., The 
Karl L. Fetters 


Changes—NACE Regional and Sectional Officers’ Directory 


@ Kanawha Valley Section 


George C. Cox, Chairman; 3711 
Washington Avenue, S. E., Charles- 
ton West Va. 


Conrad L. Wiegers, Vice-Chairman; 
Allied Service, Inc., 160 Spring 
Street, Station A, Charleston, 
West Va. 


Kenneth Gosnell, Secretary; Dev. 
Dept., Union Carbide Chemicals 
Company, South Charleston, 
West Va. 


Carolinas Section 


Ray Penrose, Vice-Chairman; Alumi- 
num Company of America, 1000 
Wachovia Bank Building, Char- 


lotte, N. C. 


Robert Gardner, Secretary-Treas- 
urer; Koppers Company, Inc., Tar 
Products Div., Box 1688, 


Charlotte, 


@ Montreal Section 


Yates, Chairman; Redpath 


Library, McGill University, 


3459 


McTavish Street, Montreal, 


Quebec, Canada 


M. D. Phillips, Vice Chairman; 


Coll-Frontenac Oil Company 
10200 Notre Dame Street, 
Montreal, Quebec, Canada 


Mc- 
Ltd., 
East; 


D. B. Bird, Sec.-Treas.; Aluminum 


Company 
Sun Life Building, 
Quebec, Canada 


1700 


Montreal, 


Central Arizona Section 


Harold B. Newsom, Chairman; 25 
South Lazona Drive, Mesa, Arizona 


William B. Lewellen, Vice-Chairman; 
Deer-O-Paints and Chemicals Ltd., 
Box 990, Phoenix, Arizona 


Lee Homrighausen, Secretary; 
zona Public Service Co., P. O. 
2591, Phoenix, Arizona 


Ari- 
Box 
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Men like 
HULL 
make the 
ifference! 


% 


Meet your best guarantee quality! His name 
Eddie Hull, one the hundreds factory-trained craftsmen 
who make the Hill-Hubbell name synonymous with quality 
the pipe coating and wrapping field! 


It’s easy see that Eddie takes pride job well done! That’s 
why Eddie and the men like him are the most valuable asset 
that Hill-Hubbell has! So, for skilled, conscientious craftsmanship 
permanent factories where every operation controlled— 


DIVISION GENERAL PAINT CORP. 3091 MAYFIELD ROAD, CLEVELAND 18, OHIO 


| 
Specify Hill, Hubbell wrapped pipe your next 
— 
7 
Ari- 
Box 
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Photos courtesy 
Celanese America 


The Celanese multimillion-dollar Fortiflex plant 
for production low-pressure polyethylene used 
galvanized structurals preference painted 
steel all exposed outdoor areas. The plant, situ- 
ated 200-acre site near Houston, exposed 
the highly corrosive atmosphere that industrial 

After consideration the low initial cost gal- 
vanizing, with expected life years, 
Celanese elected install galvanized structures. 
Today after nearly two years operation, the 
structures show sign corrosion. 

Celanese based its use galvanized steel ex- 
perience gained its petrochemical plant near 
Bishop, Texas. Experience there has shown paint 
maintenance costly, requiring new finish 
coats every years. the other hand, galvanized 


steel catwalks this plant are still good 
tion after years service. Galvanizing costs 
low $0.17 $0.33 per sq. ft. for have 
been reported. Considering that the zinc oz. 
coating costs only $0.013 per sq. ft., the low cost 


comparative cost table below, galvanizing notonly 


has the lowest first cost, but does not have the 
problem repainting every years. 


Galvanizing vs. Painting Structural Steel 
(Initial cost per square foot) 


GALVANIZING* PAINTING” 
Case 
Sandblast $0.15 Wire brush and chip $0.05 
Primer 0.05 Primer 0.05 
finish coats 0.10 finish coats 
Total $0.20 $0.30 $0.20 


Average cost 200 tons various-sized pipe supports, based 
cost $50 per ton for 2-ounce coat. 


Primer applied shopcoat: finish coats applied 


The Most Method Prolonging The Life Iron And 
Steel Products Apply This Long-Established Principle: 
The life galvanized product directly proportional the 
thickness the zinc coating. 


Vol. 


Protection 
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MORE 


OUTSTANDING 


Tough resilient plastic 
will not crack 


Extra wide band with 
ample runners for all 
around protection and 
support 


provides generous clearance! 


SIZES: 12” 
(12” sizes shown) 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES: HOUSTON) AMARILLO ¢ PLAINFIELD, N. 
JOLIET, ILL. JACKSON, MICH. LOS ANGELES SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA SEATTLE © SALT LAKE CITY EDMONTON 
TORONTO VANCOUVER BUENOS AIRES CABIMAS, ZULIA, 
VENEZUELA ® DURBAN, NATAL, S. AFRICA © PARIS, FRANCE © SIDNEY, AUST 
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now for long service 


The life this titanium 70-tube condenser assembly, now handling 
60% nitric acid 195° and 180 psi, estimated exceed years. 


Titanium condenser tubes expected outlast 


Corrosive vapors 60% nitric acid gnawed through average 
three stainless-steel tube bundles year chemical firm’s condenser. 
Maintenance and replacement costs were running high $18,000 
year. Then titanium tubes were installed. Based service life 
years, titanium will save least $162,000 maintenance and 


replacement costs. 


& 
| 
| 
i 
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Proven economies 


Titanium actually the least expensive metal 
you can use under many corrosive influences. 
Titanium withstands conditions that reduce the 
service life ordinary metals assures mini- 
mum downtime equipment, fewer replace- 


Titanium offers the economy long, trouble- 
free service when exposed such corrosive 
environments as: 


Salt Water Most Inorganic Chloride 
Marine Atmospheres Solutions 
Nitric Acid Molten Sulfur 
Wet Chlorine Chromic Acid 
Chlorinated Organic Aqua Regia 
Compounds Hypochlorites Chlorine 
Dioxide 


today 


Titanium now readily available for non- 
defense applications. Through research and 
technical developments process-equipment 
manufacturers and mill-product producers 
cooperation with Pont, standard parts can 
now made specifications. Titanium equip- 
ment already solving severe corrosion prob- 
lems number industries—chemical, food, 
pulp, paper and allied industries. 


your process-development work, take full 
advantage the corrosion and cavitation resist- 
ance, light weight and high strength titanium 
important considerations for continuous flow, 
high temperature and pressure processes. For 
further information, get touch with Pont. 
And sure mail coupon below for inform- 
ative booklet about properties and 
(Inc.), Pigments Department, Titanium Market 
Development Section, Wilmington 98, Del. 


PIGMENTS DEPARTMENT 


PONT 


REG. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


you have corrosion problem and need additional information, mail this coupon for titanium booklet. 


send more N-2496, C-5 Wilmington 98, Delaware 
evaluating titanium for these Title 
Firm 
Address 
City Zone_ State 


ANNUAL REPLACEMENT COST (CUMULATIVE) 
TUBE BUNDLES 
TITANIUM STAINLESS STEEL 


40,000 


REPLACEMENT COST* 


YEARS 
*Excludes depreciation allowance; includes labor and maintenance. 


INITIAL AND ANNUAL REPLACEMENT COSTS of titanium and stainless tube 
bundles are compared above. Initial cost the titanium tube bundle, shown 
left, $8,800, vs. $6,000 for stainless. But note how the $2,800 difference 
absorbed within months service A). Savings are approximately 
$81,000 after years $162,000 after years, the expected service life 
titanium tubes. 


bn. 
NOW AVAILABLE, titanium parts and fittings like this 
gate valve, chemical pump and centrifuge can 
made your order process-equipment fabricators. 


4 
| 80,000 
60,000 
20,000 
A 
8,800 
6,000 
| | 
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complete 


Chemically inert from end end 
non-contaminating and universally useful 


Flanged ends liner covers full gasket 
face for continuous protection 


Unaffected corrosive fluids 
special compound Teflon developed for 
maximum life 


Here’s hose exclusive two counts. (1) 
has flanged ends the first fluorocarbon 
hose have them. (2) has the patented 
tube. 

Tube extends cover the full gasket face 
the flange, forming continuous and 


RESISTOFLEX 


Complete systems for corrosive service 


integral assembly hose and flanges. Fluid 
cannot contact metal. Eliminates need for 
costly alloy fittings. 

Cleaning problems are simplified, too. The 
smooth, continuous bore prevents entrapment 
materials. 

special, high-density, non-porous com- 
pound virgin Teflon, Fluoroflex-T com- 
pletely inert virtually all known chemical 
and corrosive solutions, solvents and gases 
500° Write for data. 

RESISTOFLEX CORPORATION, Roseland, N.J. 
Other Plants: Burbank, Calif.; Dallas, Tex. 


® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
® Teflon is DuPont's trademark for TFE fluorocarbon resins 


LINED STEFL PIPE FLANGED FLEXIBLE HOSE BELLOWS ELBOWS TEES REDUCERS DIP PIPES LAMINATED PIPE 


ype 
| 
| 
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The sure way prevent corrosion metal 
cooling towers Mutual Sodium Bichrom- 
ate Sodium Chromate the cooling water. 
Whether used alone combination with other 
chemicals, chromates form thin, protective film 
which combats corrosion due anodic action, 
well making waters non-corrosive. 

Wooden cooling towers will resist rot and insect 
damage built with chromate-treated lumber. 


Mutual chromium chemicals 

Sodium Bichromate Potassium Bichromate 

Sodium Chromate Potassium Chromate 

Chromic Acid Ammonium Bichromate 
Koreon (one-bath chrome tan) 


SOLVAY PROCESS 
DIVISION 


MUTUAL chromium chemicals are available through dealers and 
SOLVAY branch offices located major centers from coast coast. 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Existing towers built untreated lumber can 
protected first spraying with copper sulfate 
solution, then with sodium chromate solution. 

Our Technical Service Staff will pleased 
assist you solving corrosion problems cool- 
ing towers. Delivery Mutual Chromates 
rapid, reliable. Write phone today for this 
expert service, and for the informative bulletins 
listed below. 


Solvay Process Division 
Dept. 11, Broadway, New York 


Please send: 

Bulletin 55—Corrosion Inhibition with Chromates the 

Oil and Gas Industries. 

53—Corrosion Inhibitors Recirculating Water 
Systems. 

Bulletin Control Air Conditioning. 


COMPANY 


STREET. 


} 
: 
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Gas utility men agree that the service line, being 
nearest the consumer, deserves the best pro- 
tection from these two major causes corrosion: 
stray d-c currents and dissimilar metals. 

Then, too, consumer services are often trans- 
mitters harmful currents. Their insulation 
logical protective step. 

For protection service lines, there’s nothing 
efficient economical Dresser Insu- 


This new Dresser green Ny- 
lon Insulator will supplied 
all standard insulating cou- 
plings and fittings. Gives all- 
round improved efficiency. 


DRESSER: corrosion 


Dresser Manufacturing Division, 89 Fisher Ave., Bradford, Pa. Warehouses: 1121 Rothwell St., Houston; 
101 S. Airport Blvd., S. San Francisco. Sales Offices also in New York, Philadelphia, Chicago, Toronto. 


lating Couplings and Fittings. They combine 
two jobs: (1) join service pipe quickly and 
permanently (just stab plain-end pipe into 
couplings and tighten nuts); and (2) serve 
insulating joint. 

Both the nut and the coupling body are in- 
sulated from the pipe. The Nylon Insulator ex- 
tends over the pipe end and effectively stops 
the flow current from one pipe the other. 
Nylon tough, inert, resistant attack oils 
gases and not susceptible swelling, flow 
other impairments. 


Write today for catalog describing Dresser 
Corrosion Control Products. 


ry 
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TRADE MARK 


Division Union Carbide Corporation 


CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 
News trom 
National Carbon Company 


East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, 


Pittsburgh, San Francisco. CANADA: Union Carbide Canada Limited, Toronto 


National Carbon 
representatives expand 


von HOHENLEITEN, 
SALES ENGINEER 


Mr. von Hohenleiten has spent the past 
seven years representing National Carbon 
Company the chemical processing and 
allied industries. was graduated from 
Johns Hopkins University with B.S. 
chemical engineering and registered 
professional engineer 

His first few years with National Carbon 
Company were spent with engineering 
group developing new designs and im- 
proving existing designs “Karbate” 
chemical processing equipment. Von 
Hohenleiten was first active Sales En- 
gineer the west coast and now serv- 
ing customers the southwestern section 
the country. 

Mr. von Hohenleiten qualified aid 
the selection, special designing and in- 
stalling carbon, graphite and “Karbate” 
impervious graphite processing equipment. 
Call your National Carbon Sales Engineer 
today. 


CORROSION RESISTANT 
ENTRAINMENT SEPARATORS PROVIDE 
HIGH OPERATING EFFICIENCY 


Efficiency entrainment separators demonstrated the 26th Exposition Chemical Industries. 


Data collected from many installations 
prove Impervious Graphite 
Entrainment Separators Type 
are efficient and economical means 
for removing entrained liquids from 
gas streams. 


For example, one such entrainment 
separator (installed line carfying 
toluene mist and vapor) helped recover 
approximately gallons toluene 
five days operation. With toluene 


PACKAGED HCI BURNING, ABSORBING 
AND STRIPPING SYSTEM STREAM 


complete system produce anhy- 
drous hydrogen chloride starting with 
hydrogen and chlorine will 
stream soon high energy fuel 
plant. This integrated system includes 
the burning hydrogen and chlorine 
graphite combustion chamber, 
absorbing the product hydrogen chlo- 
sorption system, and finally stripping 
the concentrated hydrochloric acid 
from the absorber “Karbate” 
tower. The system was designed com- 


The terms “Union 
and and Shield Device are regis- 
tered trade-marks of Union Carbide Corporation. 


plete with instrumentation and sup- 
port structures National Carbon 
Company. 

The system’s steps are made 
packaged components using standard- 
ized “Karbate” impervious graphite 
and graphite equipment. “National” 
engineers will work the complete 
system your specifications. Litera- 
ture available the “AG” system 
(for producing anhydrous gas) 
and the “CA” system (for producing 
hydrochloric acid). 


valued 35¢ gallon, this represents 
quite saving. Although the recovery 
operation required additional process 
equipment, the entrainment separator 
will pay for itself short period 
time. 

These type entrainment sepa- 
rators operate through combination 
contain moving parts and are 
non-clogging. Because liquid and gas 
contact only “Karbate” impervious 
graphite, units are virtually immune 
corrosion over temperature range 
from 40°F. 338°F. 

Standard sizes “Karbate” entrain- 
ment separator Type assemble 
directly into 6”, 8”, 12”, 16”, 20” and 
24” horizontal lines. Units are self-con- 
tained and ready install. For details, 
request Catalog Section S-6900. 


“KARBATE” ENTRAINMENT SEPARATOR— TYPE MV 
SEPARATION EFFICIENCY AT AVERAGE FLOW RATE 


Liquid Particle Size 
(Sp. Gr.-1.0) 


Percentage Removed Percentage Removed 


Microns 
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CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corro- 
sion and its prevention may reported, discussed and yublished for 
the common good. 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for 
its prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems, 


(h) invite wide diversity memberships, thereby insuring reciprocal 
benefits industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 


OFFICERS, 1958-59 


Executive Secretary 


1061 Bldg., Houston Texas 


DIRECTORS 


President 


Plicoflex, Inc., Los Angeles, Cal. 


Vice-President 


Aluminium Laboratories, Ltd., Kingston, Ont., 
Canada 


Treasurer 


Tennessee Gas Transmission Co., Houston, Texas 


Past-President 


Sun Pipe Line Co., Beaumont, Texas 


Representing Active Membership 


Company, Chicago, 


American Viscose Corp., Marcus Hook, Pa. 


Consolidated Edison Co. 


Columbia Gas System Service Corp., Columbus, 


Representing Corporate Membership 


Metal Goods Corporation, Houston, Texas 


Smith Corp., Milwaukee, 


Union Gas Co. Canada, Ltd. 
Chatham, Ontario, Canada 


Shell Development Cal. 


Production Profits, Dallas, Texas 


Representing Regional Divisions 


Standard Oil Co. California, Segundo, Cal. 


JOHN 1957-60 


Aluminum Company America, Atlanta, Ga. 


1957-60 
Manufacturers Light and Heat Co., Pittsburgh, Pa. 
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Corrosion and the Destination Corrosion Products 


High Pressure Power Plant* 


Introduction 
HIS DISCUSSION reviews the 
methods used reduce corrosion, 
and considers the formation 
portation corrosion products within 
the cycle high pressure steam gen- 
erating plant. 

Experiences with high pressure 
units within the Niagara Mohawk Power 
system are related detail. Four 
these units are the Oswego Steam 
Station (Figure 1). The most recent 
addition that station consists 
radiant type boiler with steam capacity 
655,000 superheat outlet pres- 
sure 1492 psi, final steam and reheat 
temperature 1000 and feedwater 
temperature 456 3600 RPM, 
stage tandem compound reverse flow 
high pressure, double flow low pressure 
turbine, drives 100,000 KVA, 13,000 
generator sealed atmosphere 
hydrogen. 

generally considered that most 
the corrosion products found high 
pressure boiler deposits originate within 
the steam and feedwater portion the 
cycle. Many boiler tube failures are due 
accumulations this sludge, com- 
posed predominately black magnetic 
iron oxide and metallic copper. The 
failures are frequently located 
tions that under full load operation have 
excellent circulation and apparently 
none the factors that contribute 
serious corrosion. However, during low 
load shutdown periods, these loca- 
tions, which are usually tubes ap- 
proaching the horizontal position, favor 
the accumulation sludge normally 
held suspension retained headers 
and drums. The oxides settle the tube 
surface, become baked into such dense 
mass that upon restoring the unit 
service, normal circulation 
cient remove the deposit. Thus 
corrosion cell with small 
anodic area created. Then boiler water 
salts begin concentrate, the rate 
corrosion increases, tube thinning and 


* Submitted for publication May 1, 1957. A 
paper presented at a meeting of the North- 
east Region, National Association of Corro- 
sion Engineers, Syracuse, New York, May 
20-22, 1957. 
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metal overheating become companion 
events, and finally the tube fails. 


Water Conditioning 

concerning the water 
conditioning this station requisite 
consideration the corrosion 
within the feedwater-boiler-steam cycle. 
The unit closed cycle with make- 
condensate. This prepared 
jecting Ontario water sodium 
and hydrogen zeolite exchange, aeration, 
deaeration, and finally, evaporation. The 
make-up admitted the main con- 
denser, where vacuum deaeration 
duces the dissolved gases minimum. 

Chemical control the boiler water 
accomplished the injection 
potassium hydroxide 
phosphate. the typical boiler water 
analysis shown (Table 1), the 
range which the oxide 
ing the tube surfaces reported 
most stable. The “A” and “B” readings 
are the number thirtieth normal 
required 100 sample taken 


Abstract 
Methods used to reduce corrosion in a 
high pressure steam generating plant are 
reviewed. Factors involved the forma- 
tion, transportation an deposition of 
corrosion products within the plant’s 
cycle are discussed in detail. Attention 
is given in the discussion to such matters 
as water conditioning, feedwater and 
steam concentrations, corrosion of steam 
lines, turbine blade deposits, the collect- 
ing of dissolved gases in condensers, and 
dissolved oxygen scavengers. U nder’ cer- 
tain abnormal conditions (erection of 
plant, low load operation, and shut-down 
periods), the chemist may have relatively 
ittle control over the corrosion <a 


the phenolphthalein endpoint, first 
sampled, then after the addition 
precipitate the carbonate and 
phosphate. such titration one ob- 
tains for the “A” reading all the free 
alkalinity, nearly all the hydrolytic 
alkalinity the silicate, and one-third 
the equivalents the phosphates 
present. The reading represents 
only the free hydroxide. 

Boiler phosphate concentration 
ance against the possibility scale 
formation from hardness entering the 
cycle through condenser tube leakage. 
This same leakage responsible for the 
presence chlorides, sulfates, and 
silica. Electrolytic conductivity confirms 
the results chemical analysis with 
respect total ionized solids. con- 
tinuously recording the conductivity, the 
admission soluble contaminants, 
the loss boiler water concentrations 
through blowdown tube leakage can 
detected immediately and corrective 
treatment applied before serious damage 
occurs. 

Morpholine fed into the main con- 
denser hotwell for the purpose 
control the feedwater and steam. 
was selected for this use from choice 
several amines because it: (1) adds 
total solids the boiler, (2) ap- 
parently has destructive effect 
alloy heat exchange tubes, (3) 
relatively stable boiler pressures 
2500 psi and steam temperatures 
1200 and (4) provides alkaline 
environment not only the feedwater 


209t 


j 
~ 
Ac 
| 
a 
wt. 
4 
| 


H 
i 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Figure 1—Aerial photograph of Niagara Mohawk Power Corporation’s Oswego 


(New York) Steam Station. 


TABLE 1—Typical Boiler Water Analysis 


ITEM Value 
“A” Reading. . 2.1 ml 
“B" Reading. . 2.0 ml 
Chloride (C1).... 1.9 ppm 
Phosphate (POs)... cs 2.3 ppm 
Silica (SiOz) 0.8 ppm 
Sulfate (SO4)...... «a 2.1 ppm 
Total dissolved§Solids. . . 57 ppm 
Conductivity. ...... 165 mmho 
pH Value..... ; 10.8 


portion the cycle, but also 
steam lines, turbine and condenser. This 
last-mentioned important 
due the steam-water ratio morpho- 
line which about 1.3 
temperature and pressure under which 
the unit operates. obtain the 
concentration ppm morpholine, 
the boiler water concentration 
about 


Feedwater and Steam Concentrations 

Figure flow diagram the Unit 
No. cycle. From this cycle samples 
can obtained from the hotwell pump 
discharge, the inlet No. heater, 
the boiler feed pump suction, the econo- 
mizer inlet header, saturated steam, 
superheated steam, and the reheat inlet 
and outlet. The results analyses re- 
ported Table represent concentra- 
tions found these sampling points, 
and are indicative conditions under 
full unit load operation. 


The Boiler 

The boiler the 
point the cycle review conditions 
for the formation and transportation 
high pressure boiler tube considered 
suitable for continued service reveals 
film black magnetic iron oxide thick 
enough polarize the tube metal 
against continued corrosion, 
enough avoid significant impairment 
heat transfer. Boiler 
tioning designed stabilize this pro- 
tective film. The degree success 
conditioning Oswego can 
experience with the first 
there was not single tube failure from 
internal corrosion. The experiences with 
the company’s fourth and 
were described 
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Figure 2—Flow diagram of Unit No. 4 cycle. 


TABLE 2—Chemical Concentrations Full Load 


CHEMICAL CONCENTRATION AND 
Morpholine | Ammonia Oxygen 
LOCATION (ppm) (ppm) (ppm) pH Value 
Hotwell Pump Discharge..............cee++se0- 0.39 0.17 0.018 9.12 
Boiler Feed Pump Suction... ......0.5..s0e0ess 0.30 0.20 0.003 9.12 
0.39 0.07 0.002 9.12 


Under normal operating conditions, 
dissolved oxygen plays minor role 
the direct corrosion boiler metal. 
means of continuous oxygen concentra- 
tion recordings, dissipation 
solved oxygen was observed from 
maximum 0.005 ppm the feedwater 
leaving the deaerating heater, 0.002 
ppm the-economizer inlet. logi- 
cal assume that this trace dissolved 
oxygen will consumed oxidizing 
the surfaces the economizer before 
enters the upper drum the boiler. 

The term “bonded oxygen” used 
define the combined oxygen water. 
the reaction between iron and pure 
oxygen-free water, the latter functions 
acid with displacement hy- 
drogen the metal and the precipita- 
tion oxide, Although the chemistry 
stood, considered that the oxygen 
the water molecule free corrode 
boiler metal only when 
film broken due localized failure 
maintain uniform water concentra- 
tions proper alkalinity and dissolved 
salts. Usually, the corrosion from this 
source oxygen very slow, and pro- 
motes the maintenance the thin pro- 
tective film iron The amount 
corrosion can estimated deter- 
mining the hydrogen the steam, based 
the reaction: 


Quantities hydrogen less than 0.003 
ppm are usually found. 

With the maintenance low boiler 
water solids, the mechanical steam 
scrubbers the upper drum ensure 
minimum carryover boiler water 
salts into the steam. However, con- 
tamination the steam vaporization 
the dissolved salts defy mechanical 
separation, has vaporization 
characteristics that make necessary 


carry more than 3.2 ppm 
the boiler water avoid exceeding 
satisfactory 0.02 ppm the Iron 
oxide and copper apparently also vapor- 
ize, but quantities extremely minute. 
Therefore, since the quantity corro- 
sion products entering the boiler much 
larger than that leaving, the boiler 
considered the sump for the collection 
nearly all corrosion products solu- 
tion suspension within the steam and 
feedwater cycle. 


Steam Lines 


Before the use morpholine was in- 
value the steam leaving the boiler 
was close 7.0. the steam was 
superheated and conducted the tur- 
bine, the iron oxide would appear 
samples and gradually increase con- 
centration until maximum was found 
the condenser hotwell pump discharge 
where the became 8.2 8.5. The 
phenomenon accordance with 
the findings Corey 
who made study obtain information 
regarding the fundamental corrosion re- 
action pure water iron. This study 
demonstrated that when iron rods are 
submerged oxygen and carbon di- 
oxide free water within iron vessel, 
the solution reaches equilibrium 
days, produces black magnetic 
and several atmospheres hydrogen. 
the tests had been conducted boiler 
temperatures, change would have been 
expected the rate reaction, but not 
the reaction itself. The addition 
morpholine, therefore, reduces the hy- 
drogen ion concentration nearly 10-fold, 
and thereby affects environment 
which iron less soluble. 


The corrosion steam line surfaces 
either from bonded oxygen from low 
effect not considered particularly 
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serious since the solution iron 
uniform rather than concentrated 
small area. The product corrosion, 
however, justifies consideration that 
there tendency for the oxide 
deposit orifices and instrument feeler 
lines the degree where maintenance 
sometimes required. The product also 
contributes the total sum that even- 
tually reaches the boiler. 

Prior the adjustment the 
steam, the valve stems the turbine 
stop valves became discolored with 
very dense layer The applica- 
tion morpholine cured epidemic 
sticking valves reducing the for- 
mation this deposit. 


Turbine 


Turbine blade deposits are quartz, 
amorphous silica, and iron oxide 
major components, with several minor 
compounds including cuprous and nickel 
oxides. The amorphous silica samples 
taken from one turbine varied from 
percent the 18th stage, percent 
the 20th. The maximum quantity 
percent the 18th stage re- 
duced minor quantity the 20th, 
and reappeared the 22nd per- 
cent. The very smal! amount copper 
and nickel, well ferrous iron, 
could produce the greenish-yellow dis- 
coloration the silica deposit just 
these contaminants would discolor the 
silicate glasses. 

considering the source these 
deposits, known that the silica can 
come from the boiler water through 
vaporization, and that the iron present 
principally from corrosion the 
steam line between the boiler and the 
turbine. Since there copper 
nickel alloy surfaces contacting the 
steam this portion the cycle, 
assumption can made that most 
these components arrived through vapor- 
ization from the boiler water. The steam 
attemperated sprayed with feed- 
water part the steam temperature 
control), and this probably accounts for 
some the deposit. But since the total 
attemperating flow the turbine only 
percent full load, and since other 
units that not use feedwater attem- 
peration have similar turbine blade de- 
posits, this source could considered 
minor consequence, 

the superheated passes 
through the turbine, temperature and 
pressure are reduced and moisture ap- 
pears the last stages. This moisture, 
traveling extreme velocities, results 
erosion and corrosion these wet 
steam areas, and exposes the metal 
continued attack the extremely pure 
water. this wet, high velocity 
zone that the distribution ratio 
morpholine has great advantage. 
changing from vapor the steam 
the moisture, morpholine 
elevates the value from theoretical 
7.0 over 9.0, and provides environ- 
ment more favorable the stability 
the metal 


Condenser 


Upon leaving the turbine, the steam 
drawn into the main condenser which 
held under very high vacuum. 

Just the boiler acts sump for 
the accumulation corrosion products, 
the condenser collecting point for 
the dissolved gases. Most the feed- 
water heaters are vented the main 
condenser for separation the dis- 
The gases, including ammonia, carbon 


dioxide, and oxygen, cause considerable 
corrosion, and many the Admiralty 
metal condenser tubes located the 
deaerating section have failed. The vents 
not only contribute the copper, nickel, 
and iron oxide contaminants the 
feedwater direct corrosion, but also 
transport corrosion products from the 
various heaters and vent lines the 
condenser. portion the morpholine 
concentration lost pumping the 
separated gases atmosphere and 
valving the aftercondenser drips 
waste. For this reason, morpholine 
continuously replenished the con- 
denser hotwell. 


The condensate leaving the hotwell 
believed extremely low dis- 
solved oxygen concentration. However, 
during its passage from the hotwell 
the discharge the hotwell pump, 
while under high vacuum, there ample 
opportunity for air contaminate the 
condensate from leaks gage glasses, 
valve packings, flanges, etc. Such sources 
oxygen can reduced mechani- 
cal maintenance. The storage water that 
used seal the hotwell pump shafts 
contains about 1.5 ppm oxygen, and 
considered the principal source dis- 
solved oxygen. 


Feedwater Cycle 


Dissolved oxygen concentrations 
samples taken from hotwell pump dis- 
charge show about 0.020 ppm, while 
samples from the fourth heater discharge 
are about 0.008 ppm. 
above, there similar loss oxygen 
concentration between the deaerator 
discharge and the economizer inlet; 
assumed that there final consump- 
tion oxygen upon passing through 
the economizer. Since there de- 
aeration these portions the cycle, 
the loss concentration result 
either the corrosion the confining 
metal, the oxidation copper and 
oxides. Here again, metallic corrosion 
fairly evenly distributed, and causes 
direct problems. Indirectly, there 
major contribution the quantity 
oxides transported the boiler. 


Samples oxides were taken from 
eight locations for three-day period. 
The samples were cooled room tem- 
perature and allowed flow upwards 
through cartridge acid washed glass 
wool. This provided filter trap 
suspended oxides, and also enormous 
glass surface for the plating out 
soluble oxides. Analyses have shown 
that the removal corrosion products 
this method about percent 
complete. 


The appearance reddish deposit 
interpreted indicate the presence 
sufficient dissolved oxygen the 
feedwater produce completely oxi- 
dized corrosion product ferric oxide. 
The water transporting this red ferric 
oxide could lose its dissolved oxygen 
passing through the deaerating heater, 
but the absence reducing agent, 
the red oxide would maintain its status 
until reached its final destination 
the boiler, where there tendency 
reduce the oxide the black magnetic 
form the expense the boiler metal.’ 


The black oxide the saturated steam 
and reheater samples indicates insuffi- 
cient oxygen complete the reaction 
from the ferrous the ferric state. The 
superheated steam sample 
and the author unable offer logi- 
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cal explanation this condition since 
felt there should some corrosion 
products the sample. 

The range total iron and copper 
concentration found series mul- 
week period shown Table 
obtaining samples for this test, the 
water from each location was allowed 
flow continuously and undisturbed 
order avoid dislodging oxides adher- 
ing the sampling system. The samples 
were obtained polyethylene bottles 
under acid, digested, and copper and 
iron determined the neocuprione and 
Although 
these values are very small, concentra- 
tion 0.005 ppm represents about 
Ibs entering the boiler each month. This 
quantity could considered insignifi- 
cant there was assurance that would 
stay suspended the boiler water, or, 
upon precipitating, would become 
evenly distributed all surfaces. 


Dissolved Oxygen Scavengers 

For many years chemical scavengers 
dissolved oxygen have been used 
augment mechanical deaeration. re- 
cent years, hydrazine has become com- 
mercially available, and several power 
companies have employed it, reporting 
various degrees its effectiveness. 

means dissolved oxygen re- 
corder, hydrazine was evaluated con- 
centrations three times the theo- 
retical quantity required; was found 
that there was practically reduction 
dissolved The author plans 
renew his studies, employing various 
catalysts effort promote fast, 
complete, low temperature reaction 
the hotwell portion the feedwater 
cycle. 

Sodium sulfite apparently has 
greater affinity for dissolved oxygen 
than hydrazine, but the author hesi- 
tant use this reducing agent since 
would increase total solids the boiler 
higher temperatures, hy- 
and sulfur dioxide, re- 
sulting severe corrosion copper and 
nickel alloy heat exchangers. 

logical assume that dis- 
solved oxygen could eliminated from 
the feedwater the hotwell pump dis- 
charge, the piping and heaters the 
cycle would tend become immune 
active corrosion the formation 
stable black magnetic iron oxide. The 
corrosion products and their transporta- 


tion the boiler would reduced 


Abnormal Conditions 
Thus far, attention has been centered 
corrosion normal, full load opera- 
tion. would unwise, however, 
ignore three conditions resulting 


TABLE 3—Range Iron and Copper 
Concentrations 


LOCATION 


Hotwell Pump Discharge. ..| .002-.003 | .000-.001 
3rd Heater Discharge......| .005-.006 | .008-.019 
Boiler Feed Pump Discharge} .003-.009 | .013-.017 
Economizer Inlet.......... .002-.005 | .002-.007 
Saturated Steam...........| .002-.003 | .000-.001 
Superheated Steam....... 003-.005 | .004-.C06 
Reheater Outlet........ 019-.060 | .000-.012 


ppm Fe | ppm Cu 
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serious corrosion over which the chem- 
ist has minimum control 
fluence. 


Considerable damage done new 
boilers the last stages erection 
when necessary conduct several 
hydrostatic tests before achieving tight 
system. Alternate wetting and drying 
tube surfaces are ideal for starting cor- 
rosion cells that may may not 
passivated when the unit goes into 
service, 


Upon completion installations 
new unit, contractors 
heaters, tanks, piping, etc., clean and 
ready for service. Through experience, 
has been learned that there vast 
difference between the standards 
cleanliness accepted the contractors 
and the operators. Contractors ap- 
parently have very little conception 
the damage caused small quantity 
weld beads, rods, slag, and other 
foreign material left the circuits. 


third condition causing serious 
damage high pressure steam plants 
result from week-end and holiday 
“economy” outages. These shut-downs 
occur when the system load demand 
falls well below the system capacity. 


Then units with the best efficiency are 
retained the line and the older, less 
efficient units are shut down. During 
the period when the unit down and 
also while being restored service, 
there provision deaerate the 
feedwater, and high concentration 
dissolved oxygen available corrode 
all metal surfaces. Auxiliary equipment 
especially subject serious corro- 
sion wherever there atmospheric con- 


Conclusion 


has been made some 
aspects the formation, transportation, 
and deposition corrosion products 
within the cycle pressure 
steam plant. The interpretations and 
observations the process submitted 
reveal the general ignorance concerning 
the fundamentals temperature 
corrosion. However, the experience 
gained the design and operation 
the new supercritical boilers will benefit 
all power plant chemists. 

The chemist should 
damage power plants during erection, 
low load operation, 
periods, 


will appear the June, 1958 issue 
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Microbiological Deterioration 


Buried Pipe and Cable Coatings* 


Introduction 
ROTECTIVE COATINGS are 
applied underground pipes and 

cables prevent corrosion and hence 
failure the metal. Experience has 
shown that the insulation resistance 
the coatings decreases with time. 
some cases the decrease caused 
the absorption soil water the 
coating. other cases the coating 
deformed mechanical pressures 
hard soil particles, rock and bed blocks. 
Chemical changes and microbiological 
deterioration probably account for some 
damage. evident that the coating 
loses its insulating properties, the elec- 
trolyte will reach the metal surface and 
corrosion underneath the coating will 
occur. additional investment for ca- 
thodic protection needed therefore 
protect the pipe electrically low- 
resistance points the coating. 
many cases reliance for protection 
placed the coating alone, since ca- 
thodic protection may impractical 
expensive install operate. 

There is, therefore, need for pipe and 
cable coatings which will better withstand 
the various kinds damage which con- 
tinued exposure the soils and under- 
ducts brings on. the result 
increasing experience, better coatings are 
being developed. this 
necessary certain that the coat- 
ings will immune deterioration 
soil microorganisms well 
otherwise acceptable. 

The particular work 
describes recently completed investiga- 
tion the resistance some existing 
coating materials soil microorganisms. 
The scope the investigation excluded 
deterioration and 
chemical and mechanical agents. 


Existing Coating Materials 

Coatings have been used New York 
City for approximately years pro- 
vide corrosion protection underground 
lead sheath cables and buried steel gas 
pipes certain corrosive areas. 

The first cable coatings consisted two 
spiral wrappings asphalt- -impregnated 
duck tape wound over the lead sheath the 

cable which had been coated previously 
with layer asphalt. This type 
cable, which 75,000 feet had been 
installed the most corrosive soil areas, 
still provides protection the ducts 
where installed. Only one case 
failure this cable because sheath 
corrosion has been reported. However, 
when necessary remove the cable 
for reasons other than corrosion, the 
duck tape usually rotted and adherent 
the duct wall and occasionally 
obstructs the withdrawal the cable. 
Therefore the use this cable was 
abandoned. 


for publication September 1957. 
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Beginning 1939, reinforced rubber 
jacket applied the cable manufacturer 
was used over the lead sheath pro- 

vide protection. This consisted two 
fabric backing, wrapped with the rubber 
faces together, and vulcanized give 
continuous adherent coating. Later the 
rubber was replaced neoprene and 
cable with reinforced neoprene jacket 
now being used corrosion areas. 

Since 1947, pipe-type cables have been 
installed steel pipe protected ex- 
truded asphalt mastic coating. The 
asphalt mastic composed asphalt, 
sand and fine filler. 

Steel pipes for gas distribution have 
been coated since 1935 with heated coal 
tar enamels applied cleaned and 
primed surfaces, followed impreg- 
nated asbestos felt wrap, 
kraft paper bonded the asbestos 
with the enamel, coating 
wash. The fully plasticized 
enamels have been used since 1946. 
Since 1950, layer glass felt has been 
incorporated into the enamel layer 
under the asbestos 
shield. 


Investigations Coating Deterioration 
Others 


The rotting organic materials bur- 
ied the soil has been investigated 
with increased attention during the past 
years. Starkey and made pre- 
liminary soil burial tests pipe-wrap- 
ping tapes, the composite structure 
which included cellulose acetate film, 
cotton fabric and petroleum wax. The 
criteria for deterioration were 


Abstract 


Visual tests nutrient inertness 
28 coating materials showed that only 
half were inherently inert to the attack 
of four selected species of fungi. One 
of the materials had fungistatic prop- 
erties. The visual tests were for 
screening materials for more extensive 
testing 

Tensile tests of coatings buried in 
soil showed that polyethylene and pcly- 
vinyl chloride were immune to deteriora- 
tion, that a neoprene coating was in- 
fested with fungi and that a tar-impr¢ g- 
nated cotton fabric was deteriorated 
to a marked extent in inoculated soil. 
the use soil, the 
influence of the physical and chemical 
properties of the soil on coatings can 
be separated in part from tlie action 
due soil micro-organisms. 

Insulation resistance measurements 
coated pipes and cables buried in soil 
boxes gave sensitive indication of co. -t- 
ing changes. Because of diff: culty in 
maintaining a soil ‘‘sterile’” it is not 
possible to separate the effects of mois- 
ture absorption and microbiological de- 
terioration in lowering the insulation 
resistance. However, tests on various 
modifications of the soil showel that 
deterioration of neoprene coatings oc- 
curred in soils inoculated with aggres- 
sive fungi. 

Coal tar enamel coatings resisted de- 
terioration and out-performed asphalt 
mastic and petroleum wax coatings. 

Polyethylene and polyvinyl chioride 
coatings resisted deterioration and 
showed better performance than neo- 
prene coatings. 3.3.4 


weight and loss tensile strength 
the tape. was found that the tapes 
buried aerobic soil (fertile sandy 
loam) suffered 
more than those waterlogged soil. 
The damages the materials were at- 
tributed soil microorganisms. Dis- 
coloration the tapes was attributed 
fungi. 

soil burial test measure the de- 
gree deterioration textiles under 
standard the American Society for 
Testing and specifies tensile 
strength determination for judging 
resistance microorganisms. This 
method was used the Department 
the Interior the basis for inves- 
tigating materials for canal linings.* The 
report these tests contains critical 
review selected literature 
effect microorganisms hydrocar- 
bons and their derivatives and cel- 
lulose materials. general conclusion 
the report was that “there mate- 
tial familiar the many investigators 
that can completely resist the attacks 
microorganisms and their enzymes 
the soil formation 
though may require many years, re- 
duces all materials the same level.” 

paper explaining the failure 
rubber-insulated control wires, Blake 
and Kitchin* showed that the insulation 
resistance wires covered with natural 
rubber synthetic rubbers and buried 
garden soil decreased one-millionth 
the initial values four months. 
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Figure 1—Nutrient inertness test. The absorbent 
paper has been removed from the jar at left to show 
the coating specimens. 


Similar wires submerged sterile soil 
insulation resistance. The deterioration 
was most rapid damp, aerobic soils 
and least dry completely wet 
soils. Natural rubber was vulner- 
able deterioration than GR-S (buta- 
diene and styrene copolymer) and 
rubber. The deterioration, which was 
not accompanied visible surface ap- 
pearance damage, was attributed 
fungi the soil. 

the later these investigators 
described the micropores caused the 
fungi the insulation wall. The micro- 
pores, was found, occurred 
thetic materials base 
hydrocarbon was stable but the addi- 
tives, scattered random manner 
the synthetic, were vulnerable the 


NATIONAL ASSOCIATION 


fungi. Streaks microbe food consti- 
tuted the imperfections which, upon 
being consumed the fungi, developed 
into micropores which ultimately pene- 
trated the insulation wall. 

their latest paper® the investigators 
identified two species fungi which 
were found bore through GR-S in- 
sulations. Laboratory tests showed that 
thorough mixing the 
dients before application the wire 
would increase the life the insulation 
percent. obtain more nearly 
perfect insulation, therefore, stable 
GR-S compound was developed ad- 
prene were found possess relatively 
great inherent stability against fungi 
that theoretically compounds these 
materials might made completely 
fungus-resistant perfect processing 
alone. Tests neoprene gave incon- 
clusive results except indicate that 
white neoprene containing hard clay 
filler was inferior the black neoprene 
and thus more vulnerable fungus 
attack. 

Research during World War 
the deterioration tropical regions 
electrical equipment for military use 
emphasized the importance fungi 
this deterioration. This research led 
the development accelerated labora- 
tory tests which visual observations 
fungus growth are made determine 
whether non-metallic materials elec- 
trical assemblies are nutriently inert 
the fungus attack, and whether these 
materials have fungistatic properties 


Materials Attached 
to Cotton String 
Materials Exposed Separately Blanks 
Side of Surface Extended 
Material Growth | Rating* | Growth | Rating** 
MATERIAL Tested Percent —mm 
Plasticized Coal Tar Enamel. ...| Outside 0 Pass | 3 Pass 
Glass Felt Coated with Enamel. Pass 
| Enamel Side} 0 | 
Rubber Insulation, 600 V. Cable. Santee Both Sides 0 Pass 0 — 
Reinforced Neoprene Jacket................ Both Sides 0 Pass 0 — 
PVC Press. Sens. Tape, 10 3-3 Both Sides 0 Pass 0 
PVC Press. Sens. Tape, 7 go er ....-.»| Both Sides 0 Pass 1 Pass 
Poly ethylene Press. Sens. Tape, Gray........ “Both Sides | 0 Pass 2 Pass 
Polyethylene Press. Sens. Tape, Black....... | Both Sides 0 Pass 2 Pass 
Extruded Neoprene Jacket................. | Outer 0 Pass 3 Pass 
Inner 2 | 
Plasticized Coal Tar Enatmel.......5..60..0.- Enamel 0 Pass 9 Pass 
bonded asbestos felt Felt Fail 
Plasticized Coal | Enamel 0 Pass Pass 
containing fiber glass and bonded to asbes- | e 
Poly ethylene Cable Sheath. ...... Both Sides | l Pass 
Both Sides 2 3 Pass 
Pigmented Polye thylene Sable Ja ac ket | Both Sides 15 Pass 
Petroleum Wax Coating. . 2 Pass 
Inner | | | 
| Inner | | 
WOR. | Both Sides | Fail | 10 | Pass 
| | | | 
Petroleum Wax Coating.................. “Outer 25-80 | Fail | 20 Pass 
Inner 10-80 | | 
Wax Impregnated Cotton Tape.. ink ne Both Sides 50 | Fail 25 Pass 
Coal Tar Coated Cotton Fabric............ Smooth Side} oS Fail 20 | Pass 
Rough Side | 75 | | 
PVC Press. Sens. Tape, 10 | 80 Fail 5 Pass 
Wax Impregn: ated c otton Tape. ........? Both Sides 75 Fail | 25 | Pass 
Wax Impregnated Cotton Tape......... Both Sides | 100 | Fail | 25 Pass 
Extruded Cellulose Acetate Butyrate.... Both Sides 100 Fail 25 | Pass 


* *F or passing rating, fungus seein perce ptible t to whe asic “a eye shall not cover more than about 2 setcink 


of the surface area of any sample exposed separately. 


** For passing rating, fungus growth perceptible to the naked eye shall extend to a distance of at least 
1 millimeter along the test sample, measured from the point of contact with the attached blanks. (Absence of 
such growth indicates that the sample is somewhat fungistatic and that data on nutrient inertness cannot 


be obtained by this test). 
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which would prohibit the growth 
fungi the surfaces the materials. 
Such tests were used the early phase 
the company’s investigation. 


Methods Selected for Testing for 
Deterioration Coatings 


Consolidated Edison Company New 
York initiated laboratory study 
coating deterioration 1949, utilizing 
the services specialized laboratory 
for the microbiological phases the 
investigation. This work was the out- 
growth study bacterial corrosion 
Three kinds laboratory 
tests were made organic coating sys- 
tems components determine the 
microbiological damage, follows: 


Visual tests nutrient inertness 
and fungistatic effectiveness. 


Soil burial coatings with tensile 
strength as the criterion. 


burial coated pipes and 
cables with insulation resistance 
the criterion. 


Visual Tests 


Visual Test Nutrient Inertness 

This test which was made with 
coating materials was designed the 
Bureau Ordnance the Navy De- 
sulating materials components furnish 
nutrients support the growth 
fungi. The test indicated: (a) whether 
fungi could grow the material alone 
and therefore derive nutriment from the 
material, and (b) whether lack 
growth fungi test samples might 
have been due fungistatic components 
the sample. order for the material 
pass this test was required that 
fungus growth should not occur test 
samples exposed separately, but should 
extend over samples attached nutri- 
ent cotton blanks. This double require- 
ment appeared essential for testing for 
nutrient inertness since otherwise slight 
temporary fungistatic effectiveness, 
insufficient qualify under the test 
for fungistatic effectiveness might have 
given apparent qualification under 
nutrient inertness, 


The test was run small covered 
glass chambers with walls and bottom 
lined loosely with moist absorbent 
paper. Figure photograph show- 
ing glass chamber removed from 
the incubator, and another glass cham- 
ber with the absorbent paper removed 
permit visual observation the 
specimens. Because the inadequate 
amount some sample materials, and 
order keep the test uniform, six 
samples, rather than the 
mally required, were used for each ma- 
terial. The samples were cut ap- 
proximately one-inch three-inch 
dimensions. Three samples were ex- 
posed separately and three were exposed 
with portions cotton string blanks 
closely attached. The completed setup 
was inoculated with suspension con- 
taining the spores the following 
species fungi: 


American Type 


Micro-Organism Culture Collection 


Aspergillus niger 9642 
Aspergillus flavus 9643 
Penicillium luteum 9644 
Trichoderma T-1 9645 


The glass chambers were then main- 
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Figure 2—Fungistatic effectiveness test on coal tar 
enamel (left) and petroleum wax (right). 


percent relative humidity. Obser- 
vations were made for fungus growth 
after incubation for two, four and six 
weeks. The results some these 
observations are presented Table 

noted that only half the 
materials 1949 were inert 
the test was 
found useful for screening mate- 
rials for more extensive testing. 


Visual Test Fungistatic 

This test was designed demonstrate 
the presence fungus 
sulting from chemical sufficiently toxic 
and diffusible prohibit fungus growth 
on, touching the material under test. 
fungistatic potency (inherent the ma- 
terial) potency provided some 
chemical incorporated during manu- 
facture. The test procedure was similar 
that specified paragraphs 4.6.16.1-6 
Reference 


The test was made the materials 
standard Petri dishes with approxi- 
mately nutrient test medium. 
Three samples each material, cut 
into one-inch dimensions, were placed 
the center individual dishes 
solidified medium, and one milliliter 
portion the spore suspension used 
the nutrient inertness test 
petted over the surface the sample 
and agar medium. The dishes were in- 


Observations were made for fungus 
growth after incubation for days and 
days. The results some these 
observations are given Table 
Figure shows the absence growth 
coal tar enamel specimen and 
growth over the edges petroleum 
wax coating. 


Figure shows that rubber insulation 
the 600-volt network cable inhibited 
the growth fungi and that the neo- 
prene sheath did not. noted from 
Table that only one the materials 
was fungistatic. This was the rubber 
work cable. The over-all results the 
nutrient inertness ef- 
fectiveness test also are recorded 
Table 


Soil Burial Tensile Specimens 

The loss tensile strength sam- 
ples buried fertile soil has been 
adopted criterion microbiological 
deterioration materials and its de- 
termination for textiles specified 
ASTM Test D684-45T? 

method was adapted the testing 
polyethylene, polyvinyl chloride and 
neoprene coatings lead covered ca- 
bles, and coal tar impregnated cotton 
tape, for microbiological damage result- 
ing from soil burial. 

The specimens were prepared re- 
moving the coating from the cables and 
stamping out specimens (including 


Figure 3—Fungistatic effectiveness test on rubber 
insulation (left) and neoprene sheath (right) of net- 
work cable. 


controls) each material with the 
standard die, give tensile test piece 
inches inch exclusive the 
enlarged ends. The tensile tests were 
made accordance with ASTM Speci- 
fication D412-41.° The impregnated tape 
was cut into rectangles inches 
dimension for burial tensile 
testing. 


The soil bed containing 
mens consisted organic porous 
soil, depth five inches, contained 
wooden bench greenhouse. The 
soil was enriched the addition 
the following aggressive fungi: 


American Type 


Micro-Organism Culture Collection 
Aspergillus niger 9642 
Aspergillus flavus 9643 
Penicillium luteum 9644 
Trichoderma 9645 


Temperatures were 
tween and Water was added 
periodically the soil replace that 
lost through evaporation. These con- 
ditions provided environment com- 
parable three more seasons out- 
doors under temperate climate ac- 
celerating the microorganic attack. 

For each coating, control specimens 


MICROBIOLOGICAL DETERIORATION BURIED PIPE AND CABLE COATINGS 


Figure 4—Tar impregnated tapes buried months 
inoculated soil. 


were placed “sterilized” soil contained 
quart size glass previously 
sterilized. The soil was sterilized 
autoclave for one-half hour steam 
psig pressure before being placed 
the glass jars. The control speci- 
mens were partially sterilized wash- 
ing with alcohol. After the controls 
were covered the “sterilized” soil, 
the jars were capped exclude en- 
trance microorganisms from the air. 

Specimens coatings were removed 
from the inoculated and “sterilized” 
These were observed for visual evidence 
fungus growth and subjected ten- 
sile tests. 


Inspection Specimens Inoculated Soil 
After months’ burial inoculated 
soil, the exterior surfaces polyvinyl 
chloride and polyethylene showed 
visible change. The inner surfaces gave 
some evidence the presence fungal 
hyphae. few roots were closely ap- 
pressed the inner surface. There 
was deposit creamy white granu- 
lar material the inner surface. Micro- 
scopic examination did not identify 
mycelial (fungus) growth though 


TABLE 2—Fungistatic Tests Coating Materials 


Fungistatic Effectiveness Test 


Over-all Rating 


Nutri- 
Extent Surface Growth ently Fungi- 

MATERIAL over Edge Specimen Inert static 
Plasticized Coal Tar Enamel........ 2mm Fail Yes No 
Glass Felt Coated with Enamel...... Growth on edges Fail Yes No 
CE Complete surface growth Fail Yes No 
Rubber Insulation, 600 V. Cable..... None. Zone of inhibition Pass — Yes 
Reinforced Neoprene Jacket......... 4mm Fail —_ No 
PVC Press. Sens. Tape, 10 mil....... 5mm Fail — No 
PVC Press. Sens. Tape, 7 mil...... .| 7mm Fail Yes No 
Polyethylene Press. Sens. Tape, Gray | 2 mm Fail Yes No 
Polyethylene Press. Sens. Tape, Black; 2 mm Fail Yes No 
Extruded Neoprene Jacket.......... lmm Fail Yes No 
Plasticized Coal Tar—enamel bonded 

1 mm on enamel side Fail Yes** No 
Plasticized Coal Tar Enamel contain- 

ing fibre glass and bonded to asbes- 

1 mm on enamel side Fail Yes** No 
Polyethylene Cable Sheath.......... 5mm Fail Yes No 
Complete surface growth Fail No No 
Neoprene 3mm Fail No No 
Pigmented Polyethylene Cable Jacket Growth over 50 percent Fail No No 
Petroleum Wax Coating............ 3 mm Fail No No 
PVC Press. Sens. Tape, 10 mil.......| 7 mm Fail No No 
Petroleum Wax Coating. . ....| 20mm Fail No No 
Wax Impregnated Cotton Tape.. peaicas Complete surface growth Fail No No 
Coal Tar Coated Cotton Fabric...... 5 mm Fail No No 
PVC Pressure Sens. Tape, 10 mil..... 35 percent back shows surface 

grown, 90 percent adhesive shows 
growth Fail No No 

Wax Impregnated Cotton Tape...... 25 percent surface growth Fail No No 
Felted Glass Pipe Wrap. . ...| Complete surface growth Fail No No 
Wax Impregnated Cotton ‘Tape... Mec aan Complete surface growth Fail No No 
Extruded Cellulose Acetate Butyrate.| Surface growth Fail No No 


* For passing rating on fungistatic effectiveness test no perceptible fungus growth shall occur on any of 


the test samples. 


** Rating applies to plasticized coal tar enamel, not to asbestos felt. 


on 
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Figure 5—Soil box containing coating specimens 
and guard circuit before completely filling with soil. 


Figure 6—Soil box completely filled with soil. 


may have been part 
growth activities fungi. 
There also possibility its origin 
oil film between the lead sheath 
and the jacket. 

Neoprene was very flexible limp 
compared with the initial observations. 
dence fungal mycelia growing 
the exterior and inner surtaces. Roots 
were closely appressed these surfaces. 
whitish granular material was 
abundant the inner surface. 

The coal tar impregnated fabric tapes 
had undergone the greatest deteriora- 
tion the five materials 
specimens were intact, four had 
fragments the edges lost cracks 
across the specimens and two had sep- 
arated into irregular parts the 
rotting the fabric. photograph 
four the specimens shown Fig- 
ure While the time observation 
there was little direct evidence 
fungal mycelia, there were many 
roots appressed the surfaces, espe- 
cially the most tarred surface. 


Inspections Sterile Controls 


After one and two months’ burial 
mens, nor evidence fungal growth. 

were several observations interest. 
The specimens polyvinyl chloride and 
polyethylene exhibited evidence 
attack fungi nor presence them. 
The polyethylene controls had some 
bluish-white bloom the 
face. The flexibility the polyethylene 
specimens appeared have decreased. 

The reinforced neoprene controls had 
considerable white mold, especially 
the exterior fabric surface. (Since these 
specimens were not completely sterilized 
before placing them sterilized 
soil and jars, likely that the fungi 
were resident the materials. 
The soil environment promoted the ac- 
tive development spores mycelia.) 

The coal tar impregnated fabric con- 
trols showed slight amount fibrous 
growth the inner surface. One 
these controls apparently 
during removal. 

After one-year burial, the appearance 
and condition the controls followed 
those noted the six months’ period. 
Polyethylene either was 


As Received: 


Inoculated Soil 


Load 
Avg. Lbs. | Avg. % | Avg. % | Avg. Lbs. | Avg. % | Avs. % 


TABLE 3—Effect Soil Burial Tensile Properties Coatings 


Sterilized Soil 


Elong. Set Load 


Elong. Set 


Polyvinyl Chioride. .. (3)* 86 185 20 86 185 20 
(3) 62 85 8 62 85 
(3) 65 100 8 65 100 8 
Reinforced Neoprene................ (3) 59 255 10 59 255 10 
Tar-impregnated Fabric............. (6) 56 10 6 56 10 6 
After 1 tu 2 Months’ Burial: 
(6) 116 155 15 92 181 10 
(§) 68 87 8 68 75 7 
Reintorced Neoprene................ (6) 31 175 9 30 138 7 
Tar-impregnated Fabric............. (6) 40 9 7 68 12 Ki 
After Months’ Burial: 
(5) 116 147 10 108 170 13 
(5) 67 97 16 62 100 15 
Reinforced Neoprene................ (5) 35 167 7 30 228 12 
Tar-impregnated Fabric............. (3) 20 61 
After Months’ Burial: 
5) 64 80 16 73 95 12 
68 80 17 §2 85 12 
Reinforced Neoprene................ 29 165 10 31 190 
Tar-impregnated Fabric _ 34 


* Number in parentheses indicates number of specimens tested for tensile strength and elongation. 


outward appearance, showed bluish 
white discoloration the outer surface 
one control and the inner surface 
others. white granular material 
was present the interior surface 
two controls. 

Neoprene was very flexible limp 
compared with sample. 
Three specimens had considerable areas 
with white, filamentous growth. This 
was especially prominent the outer 
fabric surface. 

The coal tar impregnated fabric con- 
trols showed evidence fungus 
growth the surface. The tar surface 
was shiny. All specimens were intact 
but exhibited greater brittleness than 
the original material. 


Physical Tests 


The results the tensile, elongation 
and set tests are shown Table for 
the specimens inoculated and sterile 
soils. This table shows average values 
after burial periods months, 
months and months. 


Discussion 


Considerable spread was observed 
the individual results the physical 
tests the same materials. This varia- 
tion probably resulted 
thickness the coatings, non-uni- 
form biological influence, and other fac- 
tors. The number replicates was 
relatively small, usually four five for 
the tensile and elongation tests, and 
two for the set tests. For the more 
durable materials such polyvinyl 
chloride, polyethylene and neoprene, the 
microbiological effect deterioration 
not easily determined because the 
obscuring effect other factors. How- 
pregnated fabric deteriorated much 
more rapidly the inoculated soils than 
the pre-sterilized environment. 

Certain pertinent facts are brought 
out the soil burial tests. The poly- 
vinyl chloride and polyethylene coatings 
were completely nearly free in- 
festation with fungi inoculated and 
sterile soils. The reinforced neoprene 
jacket was infested the inoculated and 
sterile soils and the material 
come very flexible. The coal tar impreg- 
nated tape remained visibly unaffected 


the soil but was deteriorated 
marked extent the inoculated 
soil. the open greenhouse bench soil, 
only two eight tape specimens re- 
mained intact after month’s burial. 


appears that the accelerated soil 
burial tests permit separating microbio- 
coating 
from those that are subject attack 
soil microorganisms. also may 
give relative data the degree re- 
sistance. the use sterilized soil, 
the influence the physical and chemi- 
cal properties the soil deteriora- 
tion coatings can separated 
part from the action due soil micro- 
organisms. study satisfactory 
methods for securing least surface 
sterilization the samples without al- 
teration physical properties should 
permit more complete separation soil 
and microorganic effects. 
Insulation Resistance Coated Pipes 

and Cables 

The tests previously described were 
made coatings portions coat- 
ings not attached metal substrate. 
This permitted microbiological attack 
occur both faces the coating. 
the third series tests, coated pipes 
and cables were buried soil boxes 
and insulation resistance 
the criterion deterioration. 


August 1949, seven soil boxes were 
filled with soil removed from 
site known corrosive toward steel 
pipe. The soil best described 
mixture brown, sandy loam and clay, 
cent, organic matter content 6.0 per- 
cent, and value 6.1. Numerous 
analyses the chemical bacterial 
content the soil had been made pre- 
viously and were published Refer- 
ence which the location was identi- 
fied site IV. 


Before placing the specimens, the soil 
from field site was given individual 
treatment for each box follows: 


Box Treatment 
Corrosive soil its natural state 
removed from the ground. 
Steam-sterilized soil. 
Soil inoculated with anaerobic 
bacteria and kept 
logged state. 
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May, 1958 


Soil inoculated with aerobic bac- 
teria and kept normally moist 

Moist soil inoculated with aggres- 
sive fungi and adjusted 
6.1-6.5. 

Moist soil inoculated with fungi 


Soil inoculated with fungi 
(E) and (F), 6.1-6.5, and 
kept waterlogged state. 


Steel pipes 34-inch nominal diam- 
eter were coated experienced coating 
applicators with: (1) asphalt mastic, (2) 
coal tar enamel and asbestos felt, and 
(3) petroleum wax with asbestos 
wrapper and Kraft paper. The pipes 
were cut into 18-inch lengths for burial 
the boxes. Similarly, one-inch diam- 
eter lead pipes jacketed with polyethyl- 
ene grades), polyvinyl chloride and 
reinforced neoprene were cut into 18- 
inch lengths and buried. Four samples 
each coating were buried each 
seven boxes accordance with the 
replication plan shown Table 

The construction the coatings was 
follows: 


Asphalt Mastic: mixture 
asphalt, sand and filler, heated and 
hand applied primed pipe 
nominal thickness inch. The 

finished coating was covered with 
whitewash. Because coating 
eccentricity the high spots were 
turned down lathe before 
burying the pipes. 

Coal Tar Enamel: coat- 
ing coal tar enamel applied hot 
primed pipe and followed 
helical wrapping 14-pound im- 
pregnated asbestos felt and 
wrapping Kraft paper. The 
Kraft paper was removed before 
burying the pipes. 
Petroleum Wax: thick- 
ness soft microcrystalline pe- 
troleum wax applied hot and fol- 
lowed helical wrapping 
reinforced asbestos wrapper. 
hot application hard petro- 
leum wax was applied over the 
asbestos wrapper and was fol- 
lowed wrapping Kraft 
paper. 

Pigmented Polyethylene 100 
mils thick, extruded 1-inch 
diameter lead sheath cable. 
Pigmented Polyethylene II: 100 
mils thick, extruded 1-inch 
diameter lead sheath cable. 


C-2. Polyvinyl Chloride: 100 mils thick, 
extruded ona diameter lead 
sheath cable. 


C-3. Reinforced Neoprene Jacket: 100 
mils thick. Two neoprene faced 
cotton tapes were wound helically 
diameter lead sheath 
cable, with the neoprene faces ad- 
jacent. The coating was cured 
vulcanizing the cable. 


P-3. 


The pipes were placed horizontally 
the soil boxes with their ends protrud- 
ing through micarta bushings placed 
the side walls the box. The space 
between the pipe and bushing was filled 
with non-hardening, plastic 
waterproofing material. Guard rings 
were placed near the ends the speci- 
men reduce the error the insula- 
tion resistance measurement caused 
surface leakage current. The soil 
boxes were kept the desired moist 
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Figure 7—Insulation resistance of pipe coatings in soil boxes (median values plotted). 
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Figure 8—Insulation resistance cable coatings soil boxes (median values plotted). 


ment maintained between and 
felt that the temperature and 
moisture conditions resulted some 
acceleration the microbiological at- 
tack, possibly increasing much 
threefold the case the pipe coatings. 
voltage was applied the speci- 
mens boxes except during the short 
periods required measure the coating 
insulation resistance. These measure- 
ments were made with calibrated re- 
sistor and vacuum tube voltmeter, 
reflecting type galvanometer, series 
with the coating the measuring cir- 
cuit. The measurements were made 
intervals one month more. De- 


creases insulation resistance were 
sought for indications coating 
deterioration. 

boxes containing coated specimens 
with their guard circuit, taken before 
the box was filled with soil. 
Figure shows box completely filled 
with soil. 


Additional Soil Boxes Started 


May 1950, became desirable 
add two additional boxes containing the 
following coatings: 


P-2A Coal Tar Enamel: coat- 
ing coal tar enamel applied hot 
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Figure 9—Distribution of insulation resistance measurements of pipe coatings in soil boxes. 
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Figure 10—Distribution of insulation resistance measurements of cable coatings in soil boxes. 


MATERIAL 


Coal Tar Eamel (with Wrapper)... . 
Asphalt Mastic...... 
Petroleum Wax (with Wrapper)... 
Extruded Polyethylene I... 
Extruded Polyethylene II... . 
Extruded Polyvinyl Chloride. 
Reinforced Neoprene....... 
Coal Tar Enamel (W/O Wrapper) 


Petroleum Wax (W/O Kraft Paper). 


Reinforced Neoprene 


&- EACH ASTERISK INDICATES SAMPLE REMOVED, 


P-2A COAL TAR ENAMEL 


x x 
2 YEARS 4 YEARS 6 YEARS 


MEGOHMS PER SQ. FT. 


c-4 EXTRUDED NEOPRENE 
MEGOHMS PER SQ. F 


YEARS 4 YEARS 6 YEARS 


x 
2 YEARS 4 YEARS 


MEGOHMS PER SQ. FT. 


TABLE Coating Specime 


primed pipe coating P-2. 
However, reinforcing shield- 
ing material was applied. 


P-3A Petroleum Wax: thick- 
ness soft microcrystalline wax 
applied hot coating P-3 and 
followed helical wrapping 
reinforced asbestos wrapper. 
hot coat hard wax 
was applied over the wrapper. 
However, the Kraft paper, nor- 
mally applied, was omitted. 


C-4 Extruded Neoprene Jacket: 100 
mils thick, applied diam- 
eter lead pipe. 


C-5 Reinforced Neoprene Jacket: Con- 
structed similarly coating C-3 
previously described, but applied 
lead pipe. 


C-6 Network Cable: 500 MCM, 
stranded copper conductor, rub- 
ber insulated and sheathed with 
neoprene. 


One the additional soil boxes (H) 
was filled with natural soil from the 
field. The other box was filled with 
natural soil inoculated with spore sus- 
pension aggressive fungi. 

All boxes were kept greenhouse 
until November 1950, which time they 
were transferred relatively dark in- 
door location New York City. 


Results Insulation Resistance 
Measurements 


Figures and show respectively, 
for the pipe and cable coatings, the 
variation the median insulation re- 
sistance over the seven year period. 

Figures and show respectively, 
for the pipe and cable coatings, the 
distributions insulation resistance 
measurements measured initially and 
after one, two, four and six years. 
the case the coatings buried 1949, 
seven-year results are also plotted. 

Figure shows the percentages 
the coating specimens that showed de- 
creases percent and percent 
from the initial 
values. 

Figures and are photographs 
typical pipe and cable specimens the 
conclusion the test. 


Examination Coatings Removed 1951 


April 1951, one specimen each 
seven coatings was removed from 
box (natural soil) and box (soil 
inoculated with bacteria 
logged) for examination coating de- 
terioration. These coatings 
exposed soil for months. 

Tests for bacteria the soils from 
boxes and were made using the 
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method dilution extinction. The 
following populations per gram soil 
were obtained: 


Box 
Sulfate reducing 100 10,000 
Sulfur oxidizing 1,000 1,000 
Thiosulfate oxidizing 1,000 
True Iron 
Thread 
Nitrate reducing 1,000 


These data indicate more abundant 
flora the sulfate reducing bacteria 
the waterlogged soil than the natural 
soil. However, the sulfur oxidizing and 
thiosulfate oxidizing bacteria were pres- 
ent about the same numbers. 


Table the fungi and actinomycetes 
isolated and identified from the culture 
specimens are listed. Some the fungi 
were identified species, others the 
genera the series which the genera 
are classed. 


The fungi associated with the soil and 
coatings consisted least genera 
and species. Most these are soil- 
inhabiting fungi rather wide distribu- 
tion and common occurrence. The genus 
Gliocladium was the most frequently 
found form, followed species Peni- 
cillium and Cephalosporium. 


For the laboratory examination, 
portion coating inches long 
was removed from the center the 
pipe specimen. The coating 
into two portions, one which was 
subjected microbiological examina- 
tion. The coating specimens were cleaned 
soil and sliced with razor blade 
give sections parallel the coating 
surface. The sections were transferred 
sterile nutrient media culture ves- 
sels which were incubated for several 
days and then observed under micro- 
scope for fungus infestation. The results 
the examination are described Ap- 
pendix Figures 14, and are 
photographs the exterior surface 
the asphalt mastic, petroleum wax and 
reinforced neoprene coatings, respec- 
tively. 


Examination Coatings Removed 1952 


June 1952, specimens were re- 
moved from box containing soil which 
had been steam sterilized before being 
placed the box August 1949, and 
trom box containing 
placed May 1950. 

The bacterial populations, per gram 
soil, were follows: 


Box Box 
Sulfate reducing 1,000 
Sulfur oxidizing 100,000 100,000 
Thiosulfate oxidizing 1,000 10,000 


True Iron 
Iron Thread 1,000 100 
Nitrate reducing 100 100 


addition the bacteria, there were 
present the soil the coating 
specimens these boxes eight genera 
fungi. The genera boxes and 
were similar. 

Although the soil box was 
initially sterilized, now contained nu- 
merous bacteria and fungi. The possible 
sources origin these microorgan- 
isms were considered air-borne 
spores, tap water for maintaining the 
normal moisture condition, the coating 
specimens themselves, and very resistant 
spores which may have withstood the 
sterilizing temperatures and germinated 
later. Within four five months after 
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INOCULATED WITH FUNGI 


INOCULATED WITH 


COAL TAR ENAMEL (WITH WRAPPER) 
PETROLEUM (WITH WRAPPER) 
PETROLEUM WAX (W/O KRAFT 
NEOPRENE 
EXTRUDED NEOPRENE 
99% 
ASPHALT MASTIC 
EXTRUDED NEOPRENE 
LEGEND 


PERCENT 
PERCENT 


Figure 11—Coating specimens having decreases percent and percent insulation resistance. 


the start the experiment, was noted 
that active fungus growth had begun 
the soil surface. appears now that the 
contamination resulted from air-borne 
spores well the tap water 

the laboratory, the coating speci- 
mens were cleaned and transferred 
culture vessels containing sterile nutrient 
media. After incubation for several days, 
observations were made for fungus 
The results the examination 
are shown Appendix 


Examination Coatings End Test 

Following the last insulation resistance 
measurements, specimens were removed 
from box containing soil which had 
been inoculated with fungi, adjusted 
6.1-6.5, and kept waterlogged 
state. Specimens also were removed 
from box containing natural soil in- 
oculated with fungi. The examination 
the specimens was limited visual 
observation. microbiological exam- 
inations were made. The results 
visual observations made unaided eye 
are given Appendix 


Discussion Results—General 

the biological and microbiological 
fields, numerous variables are present, 
possibly exceeding the number vari- 
ables metallic corrosion. They in- 
clude, among other factors, temperature, 
humidity, aeration, nature and amounts 
salts and organic food, pH, and in- 
teraction between genera micro- 
organisms. Obviously, would have 


been impossible control these factors 
even within given box. Thus some 
variations results could expected 
and were found among replicates ex- 
posed the same soil. 

Although the investigation 
ducted indoors, the seasonal variation 
temperature was sufficient cause 
the insulation resistance 
tween relatively high values the 
winter lower values the summer. 

Further sources variance probably 
existed such factors non-uniformity 
dimensions and composition the 
coatings. 

The coatings the test were 
normal thickness and exposure sev- 
eral years’ duration was necessary 
some cases before even tentative con- 
clusions could reached their per- 
formance. 


Discussion Results—Pipe Coatings 


Asphalt mastic began decrease 
insulation resistance soon after burial 
shown Figure These decreases con- 
tinued until the end the test. 
difficult separate the effects mois- 
ture absorption and microbiological 
deterioration lowering the insulation 
resistance. should noted, however, 
that bacterial and fungal colonies were 
found within the mastic after removal 
from the soils. 

Coal tar enamel specimens with the 
asbestos wrapper showed more erratic 
performance than the specimens without 
the wrapper. The wrapped specimens 
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showed two distinct patterns be- 
havior. One group eleven specimens 
(at least one each box) maintained 
high resistance excess 1,000 
megohms per square foot for the dura- 
tion the exposure. Conversely, an- 
other group fourteen specimens (at 
least one each box) showed sharp 
decreases the first six ten months 
exposure and erratic behavior there- 
after. 

membered that the enamel itself was 
found generally inert fungus 
attack. However, fungus growth has 
been observed the visual tests 
asbestos felt. When coating specimens 
were removed from the soil boxes, fibers 
the asbestos felt wrapper were seen 
extending through the coal tar enamel, 
with fungus growth being observed 
these fibers. Thus appears that the 
asbestos wrapper contained 
ganic fibers, possibly animal origin, 
addition the asbestos. Attention 
invited the excellent performance 
the coal tar enamel specimens without 
the wrapper. 

Petroleum wax coatings began de- 
crease insulation resistance soon after 
burial and showed the greatest decreases 
all materials the test. Incubation 
the specimens removed from expo- 
sure showed abundant fungal growth 
the outer wax layer and some the 
asbestos and inner softer wax layer. 


Discussion Results—Cable Coatings 
Extruded polyethylene 
sistently good performance throughout 
the exposure. Specimens removed from 
the boxes showed the original smooth 


TABLE Associated With the Soil 
and Specimens 


Box C Water- 
logged Soil In- 
Coating oculated with 
Specimen Box Natural Anaerobic 
Soil Bacteria 
| Glicocladium Mucor sp. 
Cephalosporium | Penicillium 
acremonium ramigena series 
Penicillium (two different 
janthinellum | species) 
P-1 Asphalt series Gliocladium 
Mastic Penicillium Sporotrichum 
canescens series} pruinosum 
Spicaria divari- Epicoccum 
cata 


Coa! Tar Cephalesporium 
Enamel curtipes 


Sporotrichum 
pruinosum 
Cephalosporium 
curtipes 
Cephalosporium 
acremonium 


P-3 Petroleum | T richode rma F usarium nivale 
Wax album Gliocladium 


Actinomycete 
Gliocladium 


Penic illium 
chrysogenum 
series 
Penicillium 
implicatum 
C-1 Polyeth- | series 
ylene No. 1 | Trichoderma 
lignorum 
Gliocladium 
Penicillium 
janthinellum 
series 


Spicaria 
| Gliocladium 
C-1"Polyeth- | Penicillium 
ylene No. 2 | velutina series 
Penicillium 
liliacinum 
series 
C-2 Polyvinyl | | F usarium sp. Epicoccum 
Chloride Gliocladium Actinomycete 
Neoprene Actinomycete | Actinomycete 


| Fusarium 
Actinomycete 
Gliocladium 
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surface and absence deterioration. 
There was apparent difference 
performance the two grades poly- 
ethylene. 


Extruded polyvinyl chloride showed 
consistently good performance. Speci- 
mens removed from exposure showed 
visible evidence deterioration. The 
material appeared inert fungi. 


Neoprene coatings, irrespective 
manufacture, showed decreases 
sulation resistance. After six years, the 
test one manufacturer’s reinforced 
neoprene coating showed that ten 
the specimens showed decreases 
more than percent from the initial 
resistance, and eight had decreased 
percent more. 


Another manufacturer’s reinforced 
coating showed gradual changes in- 
sulation resistance for the first five years 
and sharp decreases thereafter. After 
six years, five out specimens 
showed decreases percent more. 
extruded neoprene showed good per- 
formance for five years before individual 
specimens began show sharp de- 
creases. After six years, six out 
specimens showed decreases per- 
cent more. 


All neoprene coatings showed least 
traces fungal growth the body 
the coating. shown Figure 11, 
the deterioration occurred 
quently soils inoculated with 
sive fungi. This result consistent with 
gators® that fungi cause micropores 
develop and ultimately penetrate neo- 
prene. The tapes 
were infested with fungus growth and 
some specimens had rotted away 
less than two years. 


Summary 

Previous investigators have demon- 
strated the microbiological deterioration 
synthetic rubbers, cellu- 
lose fibers resins, 
and other organic coating materials. 

The present investigation concerned 
coating materials use, proposed 
for use, underground pipes and 
cables. Three types tests were run: 
(1) visual tests nutrient inertness and 
fungistatic effectiveness, (2) physical 
tests specimens removed 
burial, and (3) insulation resistance 
measurements coated pipes and cables 
buried soil boxes. 

The short-time visual tests were found 
useful for screening materials for more 
extensive testing inoculated soils. 
Only half coating materials were 
nutriently inert and only one had fungi- 
static properties. 

Physical tests and inspections showed 
polyethylene and polyvinyl chloride 
coating material, exposed inoculated 
soil for months, immune 
deterioration. coating be- 
came infested with fungi. 
impregnated cotton fabric was deterio- 
rated marked extent. 


Annual insulation resistance 
ments coated pipes and cables buried 
soil boxes gave sensitive indication 
coating changes. Extent deteriora- 
tion was observed all coatings after 
six years exposure. For most coat- 
ings, variation the performance 
could attributed the type treat- 
ment given the various soils which 
the coatings were buried. 

The asphalt mastic coating began 
decrease insulation resistance soon 


after burial. the end the test, the 
resistance had not reached stable 
value. Bacterial and fungal colonies were 
found within the material after removal 
from the soils. some areas softening 
the mastic had occurred such 
extent that shallow holes could dug 
into the coating means knife 
blade. 


Coal tar coatings without asbestos 
wrapper showed good performance while 
over fifty percent those with felt 
wrapper were poor. Coal tar enamel 
was immune microbiological attack, 
but the asbestos wrapper was attacked 
fungi some cases and the insula- 
tion resistance the coating varied 
erratically. 


Petroleum wax coatings showed de- 
creases insulation resistance through- 
out the test and the component ma- 
terials were vulnerable attack. 


Extruded polyethylene 
coatings showed evidence deterio- 
ration. few pressure sensitive tapes 
with polyvinyl chloride backing showed 
questionable performance the earlier 
visual tests. 


Neoprene coatings suscepti- 
bility deterioration the soil burial 
tests. The deterioration, indicated 
decreases insulation resistance, oc- 
curred most frequently soils inocu- 
lated with fungi. 


Conclusion 


For long lasting corrosion protection 
underground structures, prefer- 
able select coating materials which 
are inherently inert microbiological 
deterioration. From the point view 
terials are preferable those requiring 
the addition preservative chemicals. 
Investigations deterioration provide 
data which serve basis for selecting 
stable materials. 
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Appendix A—Examination Coatings 
Removed 1951 

April 1951, coating specimens were 
removed from box (natural soil) and 
box (soil inoculated 
and waterlogged.). Slices the coatings 
were incubated for several days cul- 
ture vessels containing sterile nutrient 
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‘igure 12—Coated pipe after seven years’ 


nedia, The results microscopic examina- 
ion were similar for specimens from 
boxes and and were follows: 


P-1 Asphalt Mastic: Asphalt mastic 
showed minute 
with slight fungus growth occur- 
ring from wall wall within the 
crack. However, this cracking was 
apparently superficial and 
serious consequence 
sidered relation the 7/16- 
inch thickness the mastic (see 
Figure 14.) 

P-2 Coal Tar Enamel and Asbestos 
Felt: There was fungus growth 
the coal tar enamel. However, 
was observed that fibers the 
asbestos felt wrapper extended 
through the coal tar coatings and 
fungus growth was profuse 
these fibers. appeared that the 
wrapper contained organic fibers, 
possibly animal origin, addi- 
tion the asbestos. Consumption 
the organic fibers microor- 
ganisms would allow moisture 
penetrate the coating. The obser- 
vation fibers traversing the 
coating would explain the sharp 
decrease insulation resistance 
some the coal tar enamel 
and asbestos felt specimens, 
the first year exposure. 


Petroleum Wax: The outer Kraft 
paper wrapper was rotted, minute 
cracks had developed the outer 
wax coating, and fungus infesta- 
tion was found the reinforcing 
wrapper. The underlying wax 
layer was slightly affected the 
fungi. Figure shows the crack- 
ing the outer wax coating. 
Polyethylene: visible evidence 
deterioration was observed 
either the two polyethylene ma- 
Superficial growth fungi 
which was observed did not origi- 
nate the material. The materials 
appeared inert. 

Polyvinyl Chloride: visible evi- 
dence deterioration was appar- 
ent. Superficial growth fungi 
which was observed did not origi- 
nate the material. The material 
appeared inert. 


Reinforced Neoprene Jacket: The 
outer cotton fabric had become 
rotted, leaving rough surface 
neoprene exposed (see Figure 16.) 
Fungus growth was visible 
the surface and the interior 
slices the coating. 


P-3 


C-1 


Appendix B—Examination 
Removed 1952 

June 1952, specimens were removed 

from box containing soil which had 

been initially steam-sterilized, and box 
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Figure 13—Coated cable specimens after six to seven 
years’ burial. 


containing natural soil. Slices the 
coatings were incubated for several days 
culture vessels containing sterile 
nutrient media. The results micro- 
scopic examinations coatings from 
box were follows: 


P-1 Asphalt Mastic: Pieces the 
mastic from the outer, middle and 
inner zones showed slight growth 
bacterial and fungal colonies. 


P-2 Coal Tar Enamel and Asbestos 
Felt: There was growth 
fungi the coal tar enamel. 
Pieces the asbestos felt wrap- 
per supported vigorous growth 
fungi. Bacterial colonies were 
found the felt. 


Petroleum Wax: The outer paper 
wrapper had decomposed and the 
hard wax layer was cracked into 
irregular network small 
cracks. During incubation, sec- 
tions the wax layer and 
reinforcing wrapper gave rise 
fungal growth. Some growth 
fungus occurred the soft inner 
wax. 


Reinforced Neoprene Jacket: The 
outer fabric had become decom- 
posed, leaving rough surface 
neoprene. Sections from the outer 
surface the neoprene shawed 
profuse fungal growth, the central 
zone slight growth, and the inner 
layer moderate growth. Tufts 
cotton fibers out the inner fab- 
ric layer did not appear in- 
fested. 


The results examination coatings 
from box were follows: 


P-2A Coal Tar Enamel: Slices from the 
outer, middle and inner zones 
showed slight growth fungi and 
bacteria. This material appeared 
inert. The coal tar enamel 
coatings box did not have 
wrapper. 


Petroleum Wax: The outer hard 
wax layer showed network 
small cracks. During incubation, 
abundant fungal growth was ob- 
served the outer wax layer, and 
some the asbestos and inner 
softer wax layer. 


Extruded Neoprene Jacket: The 
outer surface the coating be- 
came more heavily infested with 
fungi than the inner fabric layer. 
Some growth was observed over 
the neoprene body the coating 
but this had its origin the outer 
inner layers. 


Reinforced Neoprene Jacket: The 
outer fabric layer was covered with 


P-3 


P-3A 


Figure 14—Surface cracking of asphalt mastic after 
20 months’ burial. 


Figure 15—Surface cracking of outer wax layer of 
reinforced petroleum wax coating. 


0.25" 


Figure 16—Surface of neoprene coating after cotton 
fabric had rotted away. 


fungus growth, the inner fabric 
was less infested and the body 
the coating was largely free 
growth. 


C-6 Network Cable: The outer surface 
the neoprene appeared 
unaffected the soil exposure. 
After incubation, only slight 
growth was visible the neo- 
prene; growth occurred the 
rubber. 


Appendix C—Examination 

Coatings Removed 1957 
Following the completion the in- 
sulation resistance measurements, speci- 
mens were removed from box which 
had been inoculated with fungi, and 
box containing soil also inoculated 
with fungi. The examinations were made 
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unaided eye. Results the examina- 
tion for box were follows: 


P-1 


P-3 


222t 


Asphalt Mastic: The coating had 
swollen about inch. Several 
cracks deep were ob- 
served. other areas, softening 
the mastic had occurred 
such extent that shallow holes 
into the coating means 
knife blade. The portion the 
coating exposed air showed 
softening. There was corrosion 
the pipe. 

Coal Tar Enamel and Asbestos 
Felt: There was deterioration, 
deformation, pitting cracking 
either the asbestos felt the 
enamel. The bond 
pipe and the enamel was good. 
There was corrosion the 
pipe. 

Petroleum Wax: The outer Kraft 
paper wrapper had rotted away, 
and the outer wax coating was 
penetrated numerous cracks. 
The reinforced asbestos wrapper 
The bond between the pipe and 
the soft wax layer appeared 
poor and superficial red rust was 
observed the iron pipe. 
Polyethylene: There was visi- 
ble evidence deterioration, pit- 
ting, cracking, change color 
loss sheen either the two 
polyethylene materials. There was 
adhesion the coating the 


Any discussions this article not published above 


C-3 


The 


lead sheath. The lead sheath had 
white discoloration which was 
easily rubbed off. 


Polyvinyl Chloride: visible 
deterioration, pitting, cracking, 
change color loss sheen 
was apparent. When the coating 
was removed the 
showed white dis- 
coloration which was easily rubbed 
off. There was bond between 
the sheath and the coating. 


Reinforced Neoprene Jacket: The 
outer cotton fabric had rotted 
away, leaving indented pattern 
the neoprene surface. The coat- 
ing had swelled. The 
tween the inner cotton fabric and 
the cable sheath was considered 
fair. Spots white discoloration 
were observed the lead. 


results observations coat- 


ings from box were follows: 


P-2A 


P-3A 


wil 


Coal Tar Enamel: This coating, 
which did not have 
indentations, ap- 
proximately inch deep, caused 
sand particles, and shallow 
corrugations apparently caused 
soil pressures. There was de- 
terioration the enamel. The 
bond between the pipe and the 
enamel was good. There was 
corrosion the pipe. 

Petroleum Wax: The outer wax 
coating was penetrated numer- 
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ous cracks. The plastic film re- 
inforcement appeared brittle 
and did not adhere the asbestos 
wrapper the wax. There was 
bond between the pipe and the 
wax coating and spots super- 
ficial red rust were observed 
the iron pipe. 

Extruded Neoprene Jacket: The 
coating had swelled. There was 
cracking pitting, loss 
sheen change color. The 
material appeared slightly 
limp. The bond between the pipe 
and the coating was good and 
there was apparent deteriora- 
tion the cotton fabric next 
the cable sheath. 


Reinforced Neoprene Jacket: The 
away, leaving indented pattern 
the neoprene surface. The 
coating had swelled. The bond be- 
tween the inner cotton fabric and 
the cable sheath was considered 
fair. Extremely slight pitting 
the lead was observed the edge 
the spiral cotton tape. 
Network Cable: The overall di- 
ameter the cable had swelled 
inch. slight loss sheen 
and change color had occurred 
the neoprene jacket. The bond 
between the conductor and rubber 
and between the rubber and the 
jacket was good. The tinned cop- 
per conductor was only slightly 
discolored. 
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NACE TECHNICAL COMMITTEE REPORT 


Experience With Sweet Oil Well Tubing 
Coated Internally With 


Status Report Unit Committee T-1C* 
Sweet Oil Well Corrosion 


Introduction 

LATE 1956, NACE Unit Commit- 

tee T-1C mailed out questionnaire 
effort survey the use plastic 
coated tubing method combating 
sweet oil well corrosion. The question- 
naire was sent operators repre- 
sented the committee and non- 
member companies. Replies were received 
from committee members and from 
non-member companies, 

From these companies, completed 
questionnaires were received 
fields, located the Texas and Lou- 
isiana Gulf Coast area, which coated 
tubing was being used. addition, one 
company gave general information 
coated tubing used throughout its en- 
tire coastal area. 


Summary 

This survey covered fields contain- 
ing total 2644 sweet oil wells, 
which 419, 15.8 percent, were par- 
tially completely equipped with 
coated tubing for corrosion protection. 
the coated tubing strings, 309 were 
coated with baked phenolic, with 
baked modified phenolic-epoxy, with 
amine cured epoxy, and with other 
coatings. One operator stated that some 
his later wells were coated with the 
combination 
phenolic-epoxy overlay although they 
were reported being coated with 
phenolic. the coated tubing strings 
reported, the majority were installed 
flowing wells with the larger percent 
these being pipe line oil wells and 
with wells making over percent salt 
water second place. Gas lift wells 
making over percent salt water oc- 
cupy the fourth position number 
coated strings installed. 


The length service for the ma- 
jority coated tubing strings reported 
was fairly short except for those coated 
with baked phenolic. Several baked 
phenolic strings were reported with 


* Joy T. Payton, The Texas Co., Research and 
Technical Dept., Bellaire, Texas, chairman. 


Abstract 

A survey was made to determine how 
operators in the Texas and Louisiana 
Gulf Coast area used plastic coated tub- 
ing as a means of combating sweet oil 
well corrosion. Reports were received 
from some companies. Fields contain- 
ing total 2644 sweet oil wells were 
included the survey, which number 
some 419 were partially or completely 
equipped with coated tubing for corro- 
sion protection. Of the coated tubing 
strings, 309 were coated with baked 
phenolic, with baked modified phenolic- 
epoxy, with amine cured epoxy, and 
with other coatings. 

Data are reported showing extent 
which the various coatings were used 
with respect to the salt water content 
for both flowing and gas lift wells. Also 
included in the report is a discussion of 
the use of wire line tools, use of caliper 
surveys, length service for various 
coatings, and types failure experienced. 

was concluded that coated tubing 
an effective and economical way to com- 
bat corrosion in sweet oil wells. In gen- 
eral this method of corrosion control is 
most feasible when the wells produce 
large quantities of water, when abrasive 
conditions are encountered due sand 
and fluid velocity, when wells are 
located marsh and offshore areas 
where chemical treatment inconvenient 
and expensive. 5.4.5 


service over years, with the long- 
est service being years. The longest 
reported service for baked modified phe- 
nolic-epoxy was years and for amine 
cured epoxy years. 


From the lack failures reported, 
evident that coated tubing being 
used successfully method com- 
bating corrosion. Only six strings were 
reported being partially completely 
removed due failure the coating. 
Two these strings were coated with 
chlorinated rubber, material which 
longer being used. The failure 
two strings coated with modified phenolic 
was also reported, but the tubing being 
chemically treated rather than being re- 
moved. 


Wire line work being performed 
coated tubing six operators. Usage 
ranged from testing nipples con- 
siderable routine operations. Minor 
damage coatings was reported ex- 
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cept for one string which was reported 
failure due partly wire line work. 

Caliper surveys were run five 
operators, ranging from limited checks 
routine surveys. damage attribut- 
able the caliper surveys was reported. 


Only three operators reported that 
they had set any specific limitations 
the use coated tubing. Temperature 
limitations varied from 200 300 
for phenolic, 200 250 for modi- 
fied phenolic-epoxy, and 140 for amine 
cured epoxy. One operator does not 
favor the use coated tubing wells 
where considerable wire line work will 
performed. 


All operators reported that past 
history, either their own that 
others, was the criterion for use 
coated tubing. Also, number opera- 
tors used coated tubing for preventive 
insurance, especially the Louisiana 
Gulf Coast area and offshore opera- 
tions. 


According reports received, the 
use coated tubing generally con- 
sidered economically justified. Phenolic 
coatings have the longest history 
service, but the modified phenolic-epoxy 
being favored number opera- 
tors having better caustic mud and 
abrasion resistance. 


Discussion 

This survey has encompassed only 
small portion the coated tubing being 
used combat corrosion sweet oil 
wells, but felt that representative 
cross section experience has been ob- 
tained that can used barometer 
for the industry. When considered 
that coated tubing has been installed 
15.8 percent all wells reported, re- 

gardless their corrosiveness, evi- 
dent that coatings have been accepted 
reliable corrosion preventive 
method. 

Approximately two-thirds the 
coated tubing strings reported this 
survey are installed the Louisiana 
Gulf Coast area, and the majority 
these strings are installed flowing 
pipe line oil wells. Sixty percent the 
coated tubing installed the Texas 
Gulf Coast area wells producing 
over percent salt water. 

Table gives the division coated 
tubing strings reported presently 
being used for sweet oil well corrosion 
producing method, percent salt 
water produced, and type coating 
being used: 


Length Service 
Successful service has been obtained 
coated tubing sweet oil well cor- 
rosive environment for period more 
than years. This coating (baked phe- 
nolic) was inspected during workover 
after approximately eight serv- 


TABLE 


ice and found very good con- 
dition. Out the fields reported 
using coated tubing, 10, 26.3 percent, 
were reported having baked phenolic 
coating service for over five years. 
The baked modified phenolic-epoxy and 
amine cured epoxy coatings are rela- 
tively new internal tubing coatings, 
but successful service has been obtained 
from these coatings during the time 
they have been available, from ap- 

The various methods being used 
determine the condition coating 
the tubing are visual inspection during 
workovers the pulling tubing for 
this specific purpose, calipers, iron con- 
tent produced water, and the final 
criterion relative time that coated 
tubing will last well compared 
noncoated tubing. The exact condition 
number coated tubing strings re- 
ported was unknown, mainly because 
they had not been installed 
cient time warrant any type in- 
spection. 


Failures 


This survey indicates that internal 
coatings tubing are doing excellent 
job corrosion prevention, inasmuch 
only six strings were reported 
being partially completely removed 
due failure coating. When these 
failures are broken down further, the 
success internal coatings looks even 
better. One phenolic coated string was 
removed after two years because 
damage sand production and wire 
line work cutting paraffin. Excessive 
scale build-up caused the removal 
another phenolic coated string after 
about three years. Four joints phe- 
nolic coated tubing were replaced 
string 100 joints after years 
Seven joints phenolic coated 
tubing were replaced string due 
sand production after two years serv- 
ice. The other two failures 
rinated rubber coated tubing which 
longer being used. 

Failure two strings modified phe- 
nolic coated tubing, caused produc- 
tion fluids penetrating and removing 
coating after and months serv- 
ice, were reported. These tubing strings 
were not removed but presently are 
being chemically treated. One large user 
coated tubing reported had not 
replaced any tubing strings due fail- 
ure but had chemically treated all wells 
that required wire line work the as- 
sumption that the coating might 
damaged. 


Wire Line Work 


The use wire line tools coated 
tubing generally not practiced except 
cases where made necessary 
changing unforeseen conditions. Six 
operators reported having used wire line 
tools pipe; their experience 


PLASTIC 
Baked Phenolic........ 


Amine Cured Roxy 


Total Coated Tubing... . 


Vol. 


varied from complete failure little 
damage. 

The main type wire line work being 
performed cutting paraffin. Three 
operators reported doing considerable 
amount routine paraffin cutting 
coated pipe, whom two indicated 
little damage the coating 
except the one failure. The third oper- 
ator indicated that had not deter- 
mined the extent damage the 
coating. One operator stated that im- 
mediately assumed damage coating 
when paraffin scrapers were used and 
started chemical treatment accordingly. 

Wire line work being performed 
both baked phenolic and modified 
phenolic-epoxy coated tubing, but the 
baked modified phenolic-epoxy re- 
ported being favored due its 
greater resistance abrasion. 


Calipers 


Several operators reported that they 
were reluctant use caliper surveys 
the condition coated tub- 
ing for fear damaging the coating 
with the caliper. Five 
cated that they had used calipers 
coated tubing, and none reported dam- 
age the coating attributable run- 
ning the caliper surveys. Two these 
operators reported that calipers were 
frequently run coated tubing strings 
with damage. The other operators 
reported only limited use calipers 
with damage reported except for one 
field where the possibility damage 
has not been determined. The experi- 
ence one operator calipering 
coatings limited coated gas lift 
mandrels tubing strings that are cali- 
pered. This operator coats all gas lift 
mandrels installed and damage that can 
attributed directly calipering has 
not been found any mandrel in- 
spected date. 


Limitations 

The majority the operators par- 
ticipating this survey not seem 
particularly concerned about setting 
limits temperature, depth, abrasive- 
ness, etc. possible explanation for this 
that the sweet oil well conditions 
which coatings are presently being used 
fall far below applicators’ recom- 
mended limits that there need 
yet consider the problem. 

Three 
limits 200 F-300 for baked phenolic, 
nolic-epoxy, and 140 for amine cured 
epoxy. One operator set limit 
200 for baked phenolic coating when 
caustic mud used and stated prefer- 
ence for baked modified phenolic-epoxy 
coating for hot caustic and abrasive 
conditions. The limitation not using 
coated tubing wells where excessive 
wire line work will done was set 
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one operator, Another operator said 
that economics was the only limiting 
factor regarded for his use coatings. 


Criteria 

The criteria used all operators for 
determining the need for coated tubing 
past history, either their own that 
others, corrosiveness the field 
and service coating 
conditions. Also, coated tubing used 
number operators for preventive 
insurance. This especially true 
wells marsh and offshore locations 
where failures can extremely danger- 
ous and costly. 


General Evaluation 

The operators participating this 
survey generally consider that coated 
tubing good method combating 
sweet oil well corrosion. This evaluation 
coating large number the 
companies based successful expe- 
rience with coatings severe corrosion 
environment. Table gives 
down percentage basis the suc- 


EXPERIENCE WITH SWEET OIL WELL TUBING COATED INTERNALLY WITH PLASTIC 


TABLE Successful Service Plastics 


YEARS SUCCESSFUL SERVICE 


Percent by Companies............. 25.0 


1-2 2-3 3-5 
42.2 7.9 2.6 
8.3 16.7 0.0 50.0 


cessful experience with coated tubing 
among the fields and companies partici- 
pating this survey. 

Baked phenolic coatings have been 
available longer and therefore have 
been, great extent, the yardstick 
evaluating this method combating 
corrosive conditions. The baked modi- 
fied phenolic-epoxy coating considered 
provement over the phenolic, especially 
abrasion resistance and resistance 
caustic muds. Use amine cured 
epoxy coating was recommended one 
operator for low pressure, shallow oil 
wells and flow lines, but the baked coat- 


ings are preferred for all other types 
wells. 

The economics coated tubing will 
have considered the corrosive 
and/or other conditions 
but, general, the following conditions 
are best suited for economical use 
coated tubing: 

Wells which produce large quanti- 
ties water. 

Wells which abrasive conditions 
are encountered due sand and fluid 
velocity. 

marsh and offshore areas where 
workover costs are expensive and 
inconvenient and expensive use chem- 
ical treatment. 
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Introduction 
PREVIOUS publication,’ the 
author reported that high purity alu- 
corrodes intergranularly dis- 
tilled water 6.0-7.0, 150 and 
even 100 Microexamination the 
corroded specimens indicated that the at- 
tack took place preferentially the 
boundaries contiguous grains with dif- 
ferent orientations. Corrosion tests car- 
ried out distilled water 150 
some high purity aluminum specimens 
indicated that sometimes the attack did 
not occur unannealed metal, but al- 
ways occurred when was annealed. 
This seemed indicate that the occur- 
rence intergranular corrosion the 
aluminum was dependent the metal- 
lurgical condition the material. For 
this reason the present paper describes 
the corrosion resistance high purity 
aluminum, both cold-worked cold- 
worked-and-annealed. 


Experimental Techniques 
Materials 


The high purity aluminum used for 
this investigation was obtained ingot 
form from the Aluminum Company 
Canada Limited. the Mines Branch 
the Department Mines and Tech- 
nical Surveys, Ottawa, the ingot was 
remelted, cast into billet, and rolled 
18” mill 0.50” and subsequently 
0.25” thick sheets. New rolls were 
used avoid contamination. The ma- 
terial was then annealed for one hour 
500 and rolled thicknesses 
which would allow subsequent reduc- 
tions thickness 90, 80, 70, 60, 50, 
40, 30, 20, and percent, ending with 
final thickness 0.040”. this stage 
the sheets were given final annealing 
two hours 500 before the last 
series passes reduce them 0.040” 
sheets. The final rolling was carried out 
follows: material below 0.057” was 
reduced 0.001” passes, from 0.057” 
0.003” passes; from 0.100” 
0.005” passes; and from 
0.133” 0.010” passes. Varsol 
was used lubricant that there 
would pick from work roll 
or vice-versa. 

The rolled material was analyzed and 
found contain 0.0068 percent and 
0.0028 percent Fe. The copper content 
was not determined but estimated 
not more than 0.002 percent. 


Heat Treatment 

For comparison with cold-worked ma- 
terial some the sheets reduced 
various percentages were annealed 
temperature for time long enough for 
complete recrystallization. The suitable 
annealing temperature and soaking time 
were determined following the 
changes hardness with time various 


% Submitted for publication May 7, 1957. 
® About 99.99 percent pure, 
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Effects Cold Working Corrosion 


High Purity Aluminum Water High 
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temperatures. Annealing for one hour 
400 appeared most satisfactory pro- 
duce complete recrystallization. The 
hardness the cold-worked material 
varied from DPH for the percent 
DPH for the percent worked 
aluminum, determined with the Erb 
Gray micro-hardness testing machine 
using gram-load. After minutes 
400 the hardness the materials 
decreased constant value about 


Corrosion Testing 

After degreasing and drying 
0.040”) each the cold-worked and 
cold-worked-and-annealed aluminum 
samples were submitted corrosion 
distilled water, near neutral, 
100 The corrosion test was carried 


Abstract 


The effects cold-working, and cold- 
working and annealing to complete re- 
crystallization, on the corrosion resistance 
of high purity aluminum in water at 100, 
150 and 200 have been determined. 
distilled water 100 high purity 
aluminum cold-worked 5 to 50 percent 
inclusive and all the recrystallized alu- 
minum samples corrode intergranularly, 
but materials cold-worked 60 percent and 
over are immune this type attack. 
At 150 C and 200 C the 60 percent and 
the 70 percent cold-worked materials cor- 
rode intergranularly while the percent 
and the percent cold-worked corrode 
generally. The attack the latter ma- 
some grains corrode preferentially 
others. 3.7.3 


out two large pyrex beakers with 
pyrex condensers. Samples were re- 
moved periodically from the containers 
for microexamination 
their corrosion rates. Defilming was 
done the phosphoric-chromic acid 
solution according the ASTM-B-137- 
Specification. 

New samples the materials (34” 
0.040”), which were not attacked 
intergranularly after six-week immer- 
sion water 100 were submitted 
test stainless steel autoclave 
150 and 200 The samples were 
supported Teflon spider. 


Results 

The aluminum 
percent inclusive showed inter- 
granular corrosion after one week 
testing distilled water 100 but 
the samples cold-worked from 
percent after five months testing still 
showed signs intergranular corro- 
sion. Figure shows the surface 
percent cold-worked sample after test- 
ing distilled water 100 for 
days and defilming. Figure photo- 
percent cold-worked sample tested 
100 for days. 

Figure shows mechanically polished 
cross-section percent cold-worked 
sample tested 100 for days. 


Figure 1—High purity aluminum (cold worked 5 per- 
cent) after testing in distilled water for 51 days at 
100 C. Original magnification, 64X; actual magnifica- 
tion after reduction for engraving purposes, 35X. 


Figure 2—High purity aluminum (cold worked 

percent) after testing in distilled water for 26 days 

at 100 C. Sample was electropolished and anodized; 

cross-section is shown under polarized light. Original 

magnification, 40X; actual magnification after reduc- 
tion for engraving purposes, 22X. 
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Figure 6—High purity aluminum (cold worked 
percent) after — in distilled water for 124 days 
at 100 C. Specimen had been annealed at 400 C for 
one hour. Original magnification, 64X; actual mag- 
nification after reduction for engraving purposes, 35X. 


Figure 3—High purity aluminum (cold worked per- 
cent) after testing in distilled water for 53 days at 
100 Cross-section shown here was polished. Orig- 
inal magnification, 40X; actual magnification after 
reduction for engraving purposes, 23X. 


Figure 5—High purity aluminum (cold worked per- 

cent) after testing in distilled water for 53 days at 

100 C. Phase contrast is shown. Original magnifica- 

tion, 200X; actual magnification after reduction for 
engraving purposes, 


TABLE 1—Effects Cold-Working the Corrosion Resistance High Purity Aluminum 
Distilled Water 


CORROSION RATES, INCH PENETRATION 
PER MONTH 


150 C** 


After After 768 
Hours Hours 


0 0033! 
0.0031! 


After 48 
Hours 


0.0448! 


After 1272 
Hours 


0.000039 


Condition Material, Percent Cold- 
Worked 


Figure 4—High purity aluminum (cold worked 90 

percent) after testing distilled water for days 

100 Cross section was electropolished and shown 

here under polarized light. Original magnification, 

40X; actual magnification after reduction for engrav- 
ing purposes, 23X. 


There crevice the two large 
surfaces the specimen, except some 
small surface defects which probably 
were produced the rolling. Figure 
shows the banded structure the same 
specimen under polarized light and Fig- 
ure indicates that there attack 
the boundary the two bands shown 
phase contrast. 

Annealing 400 for one hour 
somewhat sensitized all the cold-worked 
materials: all corroded intergranularly 
two days. Figure photomicro- 
graph percent cold-worked and 
annealed specimen corroded. 

Corrosion rates were determined for 
all the cold-worked 
and-annealed specimens tested 100 
but only the corrosion rates speci- 
mens which did not corrode intergranu- 
larly are reported Table 


Corrosion tests carried out distilled 
water 150 for hours speci- 
mens the 60, 70, and percent 
cold-worked materials indicated that 
few grain boundaries the percent 
and percent samples were attacked, 
while the percent and percent re- 
duced materials corroded generally. 
should mentioned that the attack 
the latter materials appeared selec- 
tive some grains corroded preferen- 
tially the others. 


one-week test carried out the 
same materials 150 intensified the 
different types attack and confirmed 
the results obtained the 72-hour test. 
Although not technically sound 
compare corrosion rates samples 
which corroded different ways, 
interesting note Table that 
150 the corrosion rates (based loss 
weight) for the and percent 


0.00005¢ 


0.04406&8 


* Average of 5 specimens. 
** Average of 2 specimens. 
Note: Code to letters is as follows. 


cold-worked materials less than that 
the percent and percent cold- 
worked materials. 

Corrosion tests carried out water 
200 for hours specimens the 
same materials, indicated that the inter- 
granular corrosion noticed the and 
percent cold-worked samples was 
Centigrade degrees the testing tem- 
perature and that the selective attack 
was greatly increased the other ma- 
terials. 

Figure shows the condition one 
each the materials after the test. 
can seen that the percent and 
percent cold-worked metal suffered 
severe intergranular attack while the 
and percent corroded generally. The 
attack the latter materials was also 
selective, some grains corroded pref- 
erentially others. The percent cold- 
worked material corroded intergranu- 
larly only few grain boundaries. 

Figure represents the transverse 
cross-section percent cold- 
worked sample after corrosion 200 
for hours. The corrosion rates the 
specimens tested 200 for hours 
are given Table 


Discussion Results 


appears from the results tests 
100 and 150 that cold-working 
does not significantly affect the general 
corrosion rate high purity aluminum. 
Cold-working percent and over elimi- 
nates intergranular corrosion the high 
purity aluminum exposed distilled 
but does not render the material im- 
mune this type attack higher 
ature and for length time suitable 
for complete recrystallization, such 
400 for one hour, sensitizes the ma- 
terial and renders susceptible inter- 


G General attack; 


8 Selective attack. 


I Intergranular attack: 


granular corrosion distilled water 
100 

could argued that the higher 
temperature testing could result 
some recrystallization and the prema- 
ture failure the material. However, 
hardness tests made percent cold- 
worked samples before and after corro- 
sion testing 200 for hours indi- 
cated that complete recrystallization did 
not occur under the testing condition. 
The hardness the material remained 
about the same (it dropped only from 
DPH). Metallographic exami- 
nation the cold-worked metal before 
and after corrosion testing also showed 
that there was detectable change 
grain size. The aluminum used was not 
having only 99.98 
percent maximum aluminum content. 
improbable, therefore, that the an- 
nealing 200 during testing changed 
significantly the metallurgical condition 
the material and was responsible for 
the early failure the material inter- 
granular attack. The results are also 
accordance with the findings 
recrystallization temperatures high 
purity aluminum grades. 

Some the grains the percent 
cold-worked material, revealed inter- 
granular corrosion and shown Figure 
appear unduly large. Micro- 
structure studies such grains under 
polarized light after oxidizing, and also 
etch pit figure studies, seem indicate 
that the large grains are clusters 
grains with about the same orientation. 


Draley* proposes the hydrogen 
mechanism explain the corrosion be- 
havior aluminum water. sug- 
gests that some the hydrogen atoms 
produced the corrosion reaction dif- 
fuse into the metal structure, mostly 
structural defects, and, upon combina- 
tion form molecular hydrogen, pro- 
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Figure 7—High purity aluminum (cold worked 60 to 
90 percent) after ge in distilled water for 48 
hours at 200 C. 


duce pressure pockets small voids 
the metal; the weak metal yields, 
these pressure pockets cause the forma- 
tion blisters which subsequently 
rupture and let the water in. Blisters 
were not observed the high purity 
aluminum samples used this investi- 
gation but the edges the grains were 
lifted from the surface the metal. 
Jean his study the super- 
saturation iron with 
drogen, has also observed the formation 
blisters and inter- and intra-crystalline 
internal defects. 

appears reasonable, therefore, 
think that the better resistance the 
cold-worked material intergranular 
attack due the lower degree 
misfit between contiguous grains. The 
diffusion atomic hydrogen grain 


Figure 8—Cross-section of sample of high purity 
aluminum (cold worked 80 percent) after testing 
in distilled water for 48 hours at 200 C. 


boundaries then somewhat retarded. 
However, heavily cold-worked material 
subject selective attack, some 
grains corroding preferentially others. 
This preferential etching micro- 
scopic sub-microscopic scale may 
due the fact that the orientation given 
these grains cold-working not 
uniformly suitable for the growth 
dense and protective film. 


Conclusions 


The results the tests have indicated 
that metallurgical factors greatly influ- 
ence the corrosion resistance high 
purity aluminum distilled water. Cold- 
worked aluminum percent, and 
all completely recrystallized aluminum, 
corrode intergranularly distilled water 
100 while aluminum cold-worked 


over percent immune this type 
attack. 150 and higher tempera- 
tures, cold-worked aluminum suscep- 
tible intergranular corrosion and also 
selective attack. 
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Methods for Increasing 
The Corrosion Resistance Metal 


Introduction 
THEORY corrosion and metal 
protection much independent 
science theoretical metallurgy. Both 
these fields form part physical chem- 
istry, but now, owing their extensive 
independent development and special prac- 
tical value they have assumed the full 
status separate branches knowledge. 

The science corrosion and metal 
protection deals with the physico- 
chemical destruction metal and alloy 
surfaces, and aims establishing laws 
underlying the destruction metallic 
structures (lattices) under in- 
fluence. the practical field, the objec- 
tive this science develop effec- 
tive scientific methods protecting 
metals and metal constructions under 
various conditions. 

The first attempt approach scien- 
tifically the dissolution metals 
electrolytes was made the first half 
the eighteenth Since then 
the theory metal destruction vari- 
ous media has developed continually 
accordance with practical require- 
ments. Among the many scientists help- 
ing develop the science corrosion 
and metal protection were Faraday, 
Whitney, Cushman, Tilden, 
Zentnerszwer, Thill, Tamman, 
Evans, Hoar, Hudson, Mears, 
Wagner, Uhlig, Denison, 
Brown and The investigations 
these authors form the keystone 
contemporary views the nature 
physico-chemical metal destruction. 
considerable value for the development 
corrosion theory were the works 
such Soviet Union scientists Kistia- 
and their numerous follow- 
ers and 

unnecessary repeat here the 
well known figures the enormous 
damage caused corrosion and empha- 
size the importance corrosion control. 
What should said, perhaps, that 
many new and important branches 
corrosion mitigation could never have 
been developed without the efforts 
metallurgists and corrosion engineers, 
creators special corrosion resistant 
alloys. 

Metal corrosion determined not 
only the alloy composition and the 
state its structure (i.e., internal 
factors), but also external factors 
composition the corrosive me- 
dium, velocity its movement, its tem- 
perature, etc.) this paper, however, 
attention will directed primarily the 
influence changes alloy structure 
composition the rate corrosion 


*% Submitted for pubication May 21, 1956. 
Material in this paper is similar to that 
appearing in Uspekhi Khimii, 24, No. 4, 
453-470 (1955), 
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under constant external conditions. The 
paper will further restricted the 
most widespread case corrosion 
electrolytes electrochemical metal cor- 
rosion. 


Local Cells Alloy Corrosion 

The corrosion metals and alloys 
electrolytes, viewed the fundamen- 
tal works corrosion, electrochem- 
ical nature and may described 
from the general principles electro- 
chemical 

Today can considered estab- 
lished that the functioning local cor- 
rosive micro- and macro-cells the 
surface dissolving metal, not the 
primary cause corrosion, The primary 
cause corrosion the thermodynamic 
instability most metals and alloys 
atmospheric conditions and most 
water solutions. 

The process corrosion may develop 
different ways. Sometimes the pre- 
valent process electrochemical corro- 
sion without the sharp differentiation 
cathodic and anodic phenomena 
separate areas (homogeneous electro- 
chemical corrosion). Nor 
possibility excluded corrosion de- 
veloping through direct interaction be- 
tween the metal surface and the sur- 
rounding liquid gaseous medium 
without any separate anode cathode 
stages (chemical corrosion). But the 
case electro-conductive corrosive 
medium and with electrochemically 
heterogenous metal surface, more proba- 
ble and prevalent the process heter- 
ogenous electrochemical 

Analysis most practical cases 
corrosion proves beyond doubt that the 
principal corrosive effect caused 
process accompanied clear differen- 
tiation cathodic and anodic 


Abstract 


A detailed investigation is made of the 
general laws governing the increase of 
corrosion resistance metallic systems 
means alloying. The role local 
cells in alloy corrosion is considered 
briefly. Some attention is given also to 
the control characteristics corrosion 
processes. Other topics discussed include 
structural heterogeneity and metal alloy 
corrosion resistance, conditions for devel- 
opment metal passivity, and methods 
of increasing metal and alloy corrosion 
resistance. 

It was found that. with corrosion con- 
trolled by oxygen diffusion, cathodic in- 
clusions do not notably accelerate corro- 
sion. When it is possible to establish 
prevalent anodic control, cathodic inclu- 
sions may promote passivation and con- 
sesuently considerably reduce the rate of 
corrosion. 

The degree passivity may re- 
garded as a value equivalent to the de- 
gree of anodic control effected in a given 
process. When this taken into account 
it is possible to propose a new method for 
calculating the degree of passivity of dif- 
ferent metals. Approximate pov of 
the passivity metals aerated 0.5N 
Nach solutions gave the following order 
of reduction of degree.of passivity: Ti, 
Al, Cr, Be, Mo, Mg, Ni, Co, Fe, Mn, Zn, 
Cd, Sn, Pb and Cu. 

The possibility of increasing alloy cor- 
rosion resistance additional cathodic 
alloying was interpreted by analyzing the 
polarization diagram. The possibility of 
increasing the corrosion resistance of 
readily passivated metallic systems was 
tested experimentally. 3.7.2 


phenomena separate areas, and there- 
fore must associated with the action 
micro- macro-corrosive couples. 
The irregular destruction metallic 
alloy surfaces usually visible during cor- 
rosion electrolytes, connected with 
the activity macro corrosive couples. 
This latter action more probable 
there more low ohmic resistance, and 
also possibility cathodic impurities 
continually gathering the surface during 

clear that there good reason 
associate insufficient corrosion resistance 
with greater efficiency corrosive elec- 
trochemical couples the alloy surface. 
Thus the question why some alloys 
are more resistant than others under the 
given circumstances, considerable 
extent synonymous with the question 
why corrosive couples are more active 
some alloys than others. 

With the help the homogenous 
electrochemical corrosion theory given 
the works Wagner and 
Traud, Frumkin, Kolotirkin, Durdin, 
possible make consistent analysis 
the ways increasing corrosion resist- 
ance alloys, arriving conclusions 
analogous those derived the pres- 
ent work. The authors prefer analyze 
the problem from the standpoint the 
heterogenous electrochemical theory, 
owing its more general nature and 
the greater probability its being ap- 
plied the explanation corrosion 
alloys and technical metals. 

the present paper the general prob- 


type 
pera- 
also 
sin- 
De- 
Sur- 
and 
sion 
t of | 
j 
sur- 
aris, 


CORROSION— 


Figure 1—Determination corrosion control nature from analysis polarizing diagrams. 1—Ohmic re- 
sistance low, relationship determined from relationship case. Relationshi 


determined from relationship IR. detailed characteristic cathode control. 
Relationship Ra: r’x: r’’x: R determined from relationship IRa: IRk: IR taking into account the equations 


Re = r’x + and = 

where the inhibition caused the cathode reaction; the inhibition caused depolarizer 
current; maximum diffusion (For detailed calculation see Ref- 
erence 


7Ra 
‘« TRe, JR 


Figure 2—Typical cases corrosion control for different conditions corrosion: corrosion 
electrolytes; passive state; the expense macrocouples (soil corrosion); 
1V—corrosion under a thin film of moisture (atmospheric corrosion). 


TABLE Corrosion Data for Metals 0.5N NaCl Solution 


Metal* | Vn | Vx j P | ON 
0.0 
Sn | —0.136 0.0 V 8.5 
Mo 0.20 0.49 \ 
0.250 0.37 
0.277 0.20 
Cd —0.403 | | 0.0 
Fe —0.440 | 0.18 V 14 
0.82 
Al 0.82 V 6.5 
Be - 0.73 V 


* The degree of passivity fz falls in the following order: Ti- Al-Cr-Be-Mo- Mg- Ni-Co-Fe- Mn- Zn- Cd-Sn- 

Pb-Cu 
+** The potentials are given in relation to a normal hydrogen electrode. 

| *** Passivity tactor P equals the ratio between anodic and cathodic inhibition at the action of the given 
corrosive cell. The greater the passivity factor, the more perfect the degree ot passivity of the given metal 
during its corrosion ina NaCl solution. For details on calculation of degree of passivity see references 24 and 
37. 
**#** KOH represents de pendance of corrosion on solution pH for a number of metals in an aerated 0.5 N NaCl 
solution. The sy mbol **,"’ shows the reduction of the given metal’s corrosion rated with pH increasing from 0 
to 14, symbol “V” shows the corrosion minimum at the pH value given beside it. 


lems the theory electrochemical corrosion depend the extent 


corrosion will not examined inas- inhibition the general corrosive 
much this has been thoroughly done process its three main stages: the 


stead, emphasis will placed charges the metal and 
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corrosion controlling factor and the in- 
fluence cathode inclusions metal 
corrosion resistance. This matter 
which important for deriving the 
main laws governing metal alloy corro- 
sion 


The Corrosion Controlling Factor 


The kinetics corrosion-cell action 
which determine the rate electro- 


the electrolyte. easy give rela- 
tive estimate the values electro- 
chemical corrosion inhibition 
main stages, and also the more ele- 
mentary stages into which the latter may 
subdivided, all them being charac- 
terized the same units measure- 
ment (ohms). The relationship between 
the values inhibition different 
stages, usually measured the voltage 


drop the given stage, the most 
important characteristic the corrosive 
process for the given conditions cor- 
rosion and may called the control char- 
acteristic the given corrosive process. 

The building and analysis polariz- 
ing diagrams has served elaborate 
quantitative methods evaluating cor- 
rosion Figure shdws 
some simple examples such graphic 
evaluations. those cases corrosion 
where ohmic inhibition negligible, 
(Figure the relationship between 
cathodic and anodic control deter- 
mined respect the changes po- 
tentials anodic and cathodic polariza- 
tion. need be, the relationship also 
may calculated between anodic, 
cathodic and ohmic inhibition (Figure 
and even the relationship between 
the more elementary stages the cor- 


rosion For example, the gen- 
eral inhibition the cathodic process 
may separated into that caused 
cathodic overvoltage and that caused 
obstructed diffusion. Then the relation- 
ship may determined between anodic 
inhibition, cathodic overvoltage, diffu- 
sion inhibition the cathodic process, 
and ohmic inhibition, 
shown Figure III. 

authors’ own was 
shown that during the work corro- 
sion micro-cells the value ohmic in- 
hibition insignificant and the corro- 
sion rate controlled anodic and 
cathodic factors. diffusion quick 
enough (without noticeable passivation) 
then feature the 
process the comparatively small value 
anodic inhibition and large value 
cathodic inhibition (Figure 2,1). 
this type processes reference may 
made the corrosion iron and 
number other metals chloride solu- 
tions (for instance, sea water), and 
likewise the corrosion Fe, and 
other metals diluted solutions 
non-oxidizing acids. 

During slow dissolution passivated 
metals much greater importance ac- 
quired anodic inhibition which 
this case may become commensurate 


with and even exceed the cathodic in- 
hibition (Figure II). this type 
process one may refer the corrosion 
iron concentrated nitric acid 
stainless steels most aerated salt solu- 
tions. has been 
where,” the phenomenon 
may defined most rationally the 
reduction the corrosion rate owing 
increased anodic inhibition (control). 
determining the degree anodic control 
quantitative characteristic metal 
passivation may given for the given 
conditions corrosion. this means 
the degree passivity has been calcu- 


lated for fifteen metals aerated 


0.5 NaCl solution (see Table 1). 
The ohmic factor may important 
enough when the main corrosive effect 
determined not the action micro- 
couples, but that macrocouples 
often happens soil corrosion when 
irregular aeration couples appear 
elongated objects such as_ pipelines. 
Such cases will interpreted means 
the polarizing diagram given Fig- 
ure atmospheric corrosion 
(electrochemical corrosion under thin 
film moisture), the ohmic and espe- 
cially the anodic factors may play 
significant part (Figure IV). 


influe 
corro 
tions. 

may 
appre 
a me 
heter 
reme 
struc 
eutec 
inoth 
posit 
rodin 
liqua 

ence 
the 
the 
corre 

clusi 
not 
ogene 
Figu 

auto! 
thod 
betw 
ties 


cath 
basi: 
cher 
ence 
does 
the 

opin 
stan 
sion: 
may 


é Va = | 
| 
| 
a 
4 
38 
rate 
abse 
the 
an 
ta 
mad 
actic 
s10n: 
alloy 
T n 
4 
the 
lead 
inch 


most 

cor- 
ariz- 
rate 

cor- 
phic 
sion 
ible, 
veen 


May, 1958 


Structural Heterogeneity and Metal 
Alloy Corrosion Resistance 

Ever since the appearance 
electrochemical corrosion theory, justi- 
fied importance was attributed the 
influence the alloy’s structure its 
corrosion behavior electrolyte solu- 
tions. 

the surface ideally pure metal 
may (very relatively) regarded 
ipproaching homogeneity, the surface 
metal alloy will naturally always 
heterogenous. For example, 
remely fine atomic heterogeneity exists 
solid metallic solutions, and coarser 


eutectic structure. Finally, there may 
inother kind heterogeneity depending 
the secondary evolution more 
positive cathode constituent the cor- 
roding surface conditioned alloy 
liquation and other 

important determine the influ- 
ence such structural heterogeneity and 
the appearance cathodic inclusions 
the anodic alloy background the 
corrosion behavior alloys. 

The influence separate anodic in- 
clusions cathode background does 
not present much interest for analysis 
this case the electrochemical heter- 
ogeneity will not remain for long time. 
separate anode isolated from the rest 
the alloy structure will first 
dissolve and the alloy will acquire 

generally assumed that the het- 
automatically leads the establishment 
greater corrosion rate. number 
low alloy stability directly 
associated with the incidence ca- 
thodic contaminations (microcathodes). 
Conversely,. the absence connection 
between the increase cathodic impuri- 
ties the alloy and increased corrosion 
rate often treated proof the 
absence electrochemical corrosion 
the given case. 

Analysis the possible role 
cathodic inclusions carried out the 
basis the modern theory electro- 
chemical corrosion, shows that the pres- 
ence cathodic inclusions the alloy 
does not always lead acceleration 
the corrosive process. the author’s 
stances, the influence cathodic inclu- 
sions the rate metal corrosion 
may the following four kinds: 


Acceleration corrosion due elec- 
tric current arising between the ca- 
thodic inclusion and the remaining 
anodic surface. 

Greater acceleration corrosion than 
justified the current arising con- 
tact with the cathodic inclusion. 

Low effect cathodic inclusions 
the process corrosion. 

Reduction corrosion rate under the 
influence micro- macro-cathod:c 
inclusions. 


more detailed examination will 
made below these four cases the 
action heterogenous cathodic inclu- 
sions the corrosion rate metal 
alloy different conditions corrosion. 


Current Between Metal and Cathodic 

Inclusion 

1.The appearance microcathodes, 
the growth their area efficiency 
leads increase corrosion rate 
proportional the current arising be- 
tween the metal and the given cathodic 
inclusion. 


This most usual and obvious effect 
micro- and macro-cathodes the proc- 
ess corrosion has been the object 
extensive investigation. These investiga- 
tions began with the hypothesis the 
acid, proposed Rive 1830, 
extend through the numerous contem- 
porary papers metal corrosion and 
processes, such dissolution certain 
metals non-oxidizing acids, are ex- 
plained such accelerative effect 
cathodic inclusions. Among these are 
the classic cases zinc dissolution 
diluted hydrochloric sulfuric acid 
with the inclusion into their structure 
Fe, Cu, and other cathodic additions 
(see Figure 4). similar acceleration 
dissolution nonoxidizing acids ob- 
served the cases iron, steel and 
cast iron, under the influence the 
inclusion more noble cathodic con- 
stituents. For steel and cast iron the 
part such microcathodes may ful- 
filled, particular, inclusions 
graphite, iron carbides. 

all these cases the main controlling 
factor the cathodic process, and the 
corrosion rate increases together with 
the area cathodic inclusions. Another 
characteristic feature here the increase 
the rate alloy dissolution with the 
accumulation cathodic impurities 
its surface (the existence induc- 
tion period). such corrosion process 
reproduced for example high 
purity zinc-platinum couple, appears 
that the corrosion rate such model 
(Zn-Pt) will grow proportion with 
the increase current the couple, 
because the increase cathode area. 
The straight dependence the dissolu- 
tion rate the quantity the cathodic 
structural constituent included into the 
metal may likewise observed for cer- 
tain alloys, especially with compara- 
tively small additions the cathode 
constituent when the main con- 
trolling factor cathodic overvoltage). 
Such increase corrosion rate with the 
growth the area cathodic inclu- 
sions possible not only during the 
cathodic process accompanied hydro- 
gen evolution, but also corrosion as- 
sociated with oxygen depolarization. 
However the latter case will 
observed more seldom, namely, when 
the basic inhibition determined not 
oxygen diffusion but 


due oxygen ionization. 


Accelerated Corrosion 


Cathodic inclusions accelerate cor- 
rosion greater extent than justi- 
fied the corrosion current arising 
the “metal-cathodic inclusion” couple. 


Such effects cathodic inclusions 
cathode contact are observed those 
metals and those conditions corro- 
sion when anode polarization causes ad- 
ditional activation the basic metal. 
These phenomena will observed pri- 
marily when the metal considerably 
passivated, its corrosion potential there- 
fore being greater than the equilibrium 
potential. They also will found when 
anodic polarization, (for instance, owing 
the presence ions the solu- 
tion) promotes depassivation. This phe- 
nomenon, known the difference effect 
and experimentally established only for 
external cathode polariza- 
tion external anode (Figure 
must also ascribed the action 
microcathodic inclusions. the lat- 
ter case the increasing number and size 
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Figure 3—Two cases of structural electrochemical 
heterogeneity of the corroding alloy, 1—Inclusion- 
cathode (K); Main background-anode (A). ii—in- 
clusion-anode (A); basic background-cathode (K). 


Cuf 


& 


Figure 4—Influence of copper and iron contamina- 
tions on the dissolution rate of pure (99.992) Zn in 
a 1.8% H2SQ; solution. The dot-line is the possible 
continuation the curve for absolutely pure, elec- 
trochemically homogenous Zn. 


cathodic inclusions the alloy will 
accelerate corrosion to a greater extent 
than justified the corrosion cur- 
rent arising between the given inclusion 
and the remaining alloy surface. Addi- 
tional acceleration the process here 
due depassivation and electro- 
chemical chemical corrosion occuring 
new areas the metal surface freed 
protective film. 


Such effects cathodic inclusions 
ought supposed the case 
those metals which certain conditions 
undergo the mentioned phenomenon 
negative difference effect. The increased 
sensitivity aluminum and magnesium 
cathodic inclusions more noble 
structural constituents while being cor- 
roded diluted hydrochloric acid 
chloride solutions must primarily 
referred such influence the part 
the microcathodes. Figures and 
are graphs showing the dependence 
the corrosion rate HCl and 
percent NaCl the content 
iron which this case the cathodic 
inclusion. seen from the curves, the 
metal being contaminated with iron pro- 
gressively accelerates corrosion. 


Low Influence Cathodic Inclusions 
Corrosion 


The low influence cathodic inclu- 
sions the process corrosion usu- 
ally referred the general case 
diffusion inhibition the process 
cathodic depolarization due oxygen 

this case the increase cathode 
area due the inclusion cathodic 
constituents may not noticeably acceler- 
ate corrosion the paths diffusion 
oxygen separate earlier developed 
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Figure 5—Dissolution rate of aluminum (Al) and 
Duralumin (Alp) at anodic polarization in a 0.5N 
NaCl solution.” 


— 


Figure 6—Effect of iron impurity on corrosion rate 
of pure (99.998) aluminum in a 2N HCI solution 
(after M. Straumanis). 


and microcathodes thinly dispersed are 
superimposed one the other. Thus 
the entire volume the electrolyte 
the diffusion layer adjoining the 
metal surface involved the diffusion 
process, shown the diagram 
Figure and the further appearance 
microcathodes may not noticeably in- 
crease the power diffusion and accel- 
erate corrosion. The small dependence 
the rate corrosion such metals 
iron zinc neutral solutions such 
sea water the degree their 
aforementioned factor. 

the conditions corrosion are such 
that cathodic and anodic control are 
commensurate, the effect cathodic 
inclusions the corrosion rate may 
also low. This due mutual com- 
pensation between the cathode process 
facilitated the relatively increasing 
microcathode area and the simultane- 
ously developing obstruction the 
anode process owing the relative 
decrease anode area, passivation. 


Reduction Corrosion Rate 


Reduction corrosion rate under 
the influence developing increasing 
microcathodic inclusions. 


232t 


ASSOCIATION CORROSION ENGINEERS 


Figure 7—Effect iron contamination corro- 
sion rate of pure (99.998 percent) magnesium and 


solution (after H, Uhlig). 


micro- cat 


Figure 8—Paths of diffusion of depolarizer (O2) to 
the microcathodes on the er surface (dia- 
gram). 


This less obvious effect cathodic 
inclusions corrosion does not, how- 
ever, present anything exceptional. 
the results investiga- 
rather wide-spread and may 
employed increase the corrosion 
resistance alloys. 

This effect cathodic inclusions 
corrosion will observed when there 
such cases the incidence cathodic in- 
clusions will further polarize the re- 
maining anodic background. The latter’s 
potential becoming more positive will 
facilitate passivation and render the pas- 
sivity more stable. This will occur, how- 
ever, only the solution contains ac- 
tive depassivating) ions (e.g., 

The latter case influence ca- 
thodic structural inclusions bears the 
most practical interest, indicating new 
way obtaining corrosion resistant 
alloys quite contrary way used now 
not reducing the cathodic struc- 
tural constituents, but intentionally 
including them into the alloy). 


Conditions for Development 
Metal Passivity 

was demonstrated earlier that 
the phenomenon passivity metal 
corrosion may justly regarded 
case anode passivity (i.e., passivity 
regard the anode process the cor- 
rosive microgalvanic cell). general, 
therefore, alloy may become passive 
when there are conditions for anodic 
passivation the anodic constituent. 

Apparently, any reaction the elec- 
trode discharging electrons into the 
outer circuit, must regarded 
anodic process. Besides anodic ioniza- 
tion metals such 


nH.O 


anodic processes may also include the 


3,4, 24,37 


Figure 9—Corrosion diagram illustrating the possi- 


bility facilitating passivation result 


cathodic alloying. 


discharge anions the anode, 
such reactions the discharge hy- 
droxyl ions accompanied the evolu- 
tion gaseous oxygen): 


This process takes place consid- 
erably greater positive potential than 
the first (beginning 1.23 volt po- 

According modern concepts, anodic 
passivity the same nature pas- 
sivity oxidizing media, without the 
impressed anode current. other words 
phase adsorbate, (usually oxide 
but sometimes saline film) and the 
trochemically effect the 
anode process. The film and absorption 
theories not contradict, but comple- 
ment each other. The analysis experi- 
mental data shows that only combin- 
ing the film and adsorption theories 
passivity possible explain all the 
diversity various cases passivation. 
the screening film passivation hy- 
pothesis accepted must also 
accepted true that the developing 
passive film does not let through metal 
ions (inhibits the anodic process 
transfer metal ions into the solution), 
but does not stop the passage ions 
from the solution the metal. This 
confirmed the possibility such 
anodic process anion discharge, (e.g., 
evolution oxygen the anode.) 

The appearance oxide hydroxide 
protective layers the anode must also 
shown below: 


2OH-+ (4) 


Such point view the origin 
anodic passivity makes possible 
calculate the potential which the 
anode must polarized provide the 
thermodynamic possibility passiva- 
tion, Evidently, this will the potential 
necessary for the anodic process 
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oxide hydroxide film formation-reac- 
tions (3) (4). This potential may 
calculated from thermodynamic data. 
Thus, for reaction (3) approximate cal- 
culation based analysis the action 
the reversible cell Ni| 
gives potential +0.11. Conse- 
quently, the potential +0.11 will the 
minimum potential (in respect the 
hydrogen electrode) the attainment 
which will make possible the anodic 
reaction nickel oxide formation. 
other words, this the minimum poten- 
tial which will make possible the for- 
mation protective oxides not owing 
secondary processes such interac- 
tion between the products anodic and 
Me* and but 
which occur result primary anodic 
electrochemical oxidation. So, there 
active nickel electrode with potential 
the beginning, the electrode dur- 
ing anodic polarization, will undergo the 
anodic process nickel dissolution, 
while the anodic process oxide film 
formation will start only after the at- 
tainment the potential 

Such calculations carried out for 
iron gave minimum potential 
value —0.081 for the beginning the 
anode process film formation. 


Corrosion Resistance Increased 
Cathodic Inclusions 

The essential possibility increasing 
alloy resistance (in conditions prob- 
able passivation) cathodic inclusions 
may explained means the cor- 
rosion diagram shown Figure Here 
the curve anode polar- 
ization conditions probable anodic 
passivation.* When the current density 
and electrode potential reach the level 
anodic passivation takes place and 
the current the circuit drops 
the subsequent intensive polarization 
being caused the anodic polarization 
the passive metal. The curve GFEDH 
shows the return repetitive move- 
ment the anodic polarization curve 
and indicates certain stabilization the 
already developed passivity. KBS the 
curve cathodic polarization the 
expense the alloy’s own cathodes 
without the addition active cathodes. 
This curve indicates comparatively high 
cathodic polarization. The curve KBS 
crosses the anodic polarization curve 
the zone electrode activity point 
The local current, which conforms 
the rate electrode corrosion the 
absence additional cathodes, will 
determined segment MB. With the 
appearance additional active cathodes 
the metal surface (e.g., through alloy- 
ing) cathode efficiency will considerably 
increase. The cathode curve for this 
case (KEPL) which indicates consider- 
ably lower polarization, shown 
Figure crosses the anode curve only 
the passive zone (point E). this 
case the corrosion current determined 
less value than the corrosion current for 
alloy without additional cathodic in- 
clusions (segment MB). 

easy see that with insuffi- 
ciently increasing cathode activity 
under conditions unfavorable for anodic 
passivation, for instance with the pres- 
ence the solution, the 
active zone the anode curve extends 


*The anodic polarizing diagram being ob- 
tained experimentally, with a high ohmic 
milliammeter, its course may be modified 
to the curve ABCFD. 


Figure 10—Corrosion rate of chromium-nickel stain- 
less steels (18 percent and percent Ni) alloyed 
with cathodic additions (Pt, Pd, Cu) depending on 


concentration. Trial hours, tem- 
perature 20C. 


very large current densities curve 
ABCP. this case the increase 
cathode area will accompanied 
the usual growth local current (up 
the level point P), 
accelerated corrosion, The 
diagram also shows that the alloy 
becomes more resistant due anode 
passivation, the measured potential (de- 
termined point will consider- 
ably more positive than the potential 
any alloy deprived additional effec- 
tive cathodes (point M). The degree 
cathode control this case considerably 
decreases and anodic control may be- 
come prevalent Figure 


bility increasing alloy corrosion resist- 
ance introducing cathodic structural 
constituents, investigations were 
austenitic chromium nickel steel con- 
taining percent and percent Ni. 
This readily available alloy, whose 
high corrosion resistance wholly de- 
termined its passivity. 

The basic type steel was used 
four new experimental brands steel 
which were smelted with special in- 
clusions cathodic constituents. ad- 
dition the elements commonly used 
this type steel, the four samples 
contained: No. percent Pt, No. 
2—0.1 percent Pd, No. 3—0.93 percent 
Pd, No. percent Cu. 

Investigation the stainless steels 
alloyed with cathodic inclusions showed 
their comparatively easier passivation. 
Figure shows the results compara- 
tive corrosion tests common and 
cathodic alloyed steels solu- 
tions different concentration. was 
found that all steels alloyed with ca- 
thodic additions and especially steels 
including additions such cathode ef- 
fective metals and possess 
considerably higher corrosion resistance 
sulfuric acid than steels not alloyed 
with special inclusions. 

Besides introducing 
tural constituents into the alloy also 
advisable increase the passivity 
the anodic background. Pure iron 
also easier passivated with the intro- 
duction cathodic structural constitu- 
ents. However the passivation pure 
iron not high enough and the positive 
effect such cathodic alloying will 
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= 05% Pt 


Figure 11—Corrosion rate chromium 

steels with 27 percent Cr alloyed with cathodic 

inclusions (Pt Pd). Duration test was 100 
hours, temperature was 20C. 


observed only concentrated 
oxidizing mediums and neutral 
solutions free from with abundant 
oxygen supply). 

For chromium nickel steels containing 
solution this process passivation, 
Passivation such steels with platinum 
alloying achieved even percent 
solutions. may assumed 
that further addition chromium 
the solid solution will facilitate passiva- 
tion still more the expense the 
newly included cathodic structural con- 
stituents. Experiments have shown that 
the case straight chromium steel 
with percent and without nickel, 
the passive state made more stable 
additional cathodic alloying. 


Figure shows that additional 
cathodic alloying such steel with 
platinum (0.5 percent) palladium 
(0.5 percent 1.0 percent) the exten- 
tion the stable passivity zone ac- 
companied considerably increased 
corrosion resistance solutions. 
However, the corrosion resistance 
stainless steels may increased only 
certain limit raising their poten- 
tial more positive values. The study 
the behavior stainless steels and 
iron, recently conducted Akimov, 
the results French investigations™ 
show that the corrosion resistance 
these metals strong oxidizing medi- 
ums, becomes considerably reduced, 
despite the potential being 
more positive values. The mechanism 
this phenomenon known 
passivation has until recently received 
explanation. 

Only recent publications has 
experimentally proved explanation been 
found the cases certain metals, 
including chromium, that the potential 
shifted far enough the direction 
positive values, anodic process 
may take place with the production 
high valency soluble oxide compounds 
the anodic the case 
chromium there occurs anodic reac- 
tion the following kind: 


(5) 
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Figure 12—Effect anodic polarization corro- 
sion of 18-8 steel in 50 percent H2SO; at 50C. 
Line 1 is for steel corrosion without anodic polari- 
zation; Line 2 is for steel corrosion at anodic 
polarization with current density 2.5 va/cm?, 


TABLE Anodic Polarization 
the Corrosion Rate Type 18-8 Stainless 


Tempera-| Anode | Corrosion 
Concentration ture, Current | Rate in 
in » | Degrees |Densityin) gr/m? 
AEE 18 10 0.06 
30 18 0 4.0 
50 2.5 0.1 
60 : 50 | 2.5 0.15 
50 0 183 


which leads the production solu- 
ble hexavalent chromium compounds 
the form ions, This proc- 
ess goes quite smoothly without any 
noticeable overvoltage potential 
+-1.36 volt. For chromium reaching this 
il, anodic process chromium 
dissolving with the formation 
ions will take place. This will occur 
whether this potential reached for 
tion increased oxidizing potential 
the medium. The anodic process 
evolution does not take place this 
potential owing considerable oxygen 
overvoltage the anode. the cor- 
rosion resistance stainless steels 
determined the phase adsorption 
film developing the basis chro- 
mium oxides, the film being transformed 
into soluble chromium oxide will lead 
continuous chromium dissolution with 
the formation This will lead 
the loss corrosion resistance 
the part the steel, despite the very 
positive potential 

follows from the proposed mecha- 
nism transpassivity that anodic polari- 
zation (or additional cathodic alloying) 
will not reduce the rate dissolution 
transpassive steel. the contrary, 
deoxidizer, (i.e., different ways low- 
ering the oxidizing-reductive potential 
the medium), may transfer the steel 
from its transpassive state into pas- 
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sive condition and consequently will 
increase its corrosion resistance. 

well from the recently published 
there develops the basic possibility 
employing anodic polarization from ex- 
ternal current sources for protecting 
stainless steels sulfuric acid solutions. 
The data received the authors (Table 
and Figure 12) show that the current 
densities required for sustaining the 
passive state steel are not very large 
(0.01 0.1 

Electrochemical protection 
less steel (18Cr-8Ni) sulfuric acid 
requires its potential maintained 
(referred the hydrogen electrode). 
Lesser values the 
will leave the danger incomplete pas- 
sivation. higher anode potential will 
somewhat accelerate anodic steel dis- 
solution due increasing current 
density. 

Apart acid solutions, 
such protection apparently may car- 
ried out number other media 
where stainless steel becomes active, 
but only the steel may passivated 
anodic polarization and the passiv- 
ity obtained may kept stable. This 
method electrochemical protection 
might also used for number 
other readily passivated metals and al- 
loys. Anodic electrochemical protection 
establish stable anodic passivity and 
maintain the latter with comparatively 
low anode current densities. 


Ways Increasing Metal and Alloy 
Corrosion Resistance 


Departing from the nature electro- 
chemical corrosion, the following main 
ways for increasing the corrosion re- 
sistance metal alloys may noted 
(see also Table 3): 


Production alloys developing 
better protective (screening) layer 
corrosion products their surface. 


Maximum reduction alloy cathode 
activity. 

Maximum reduction alloy anode 
activity. 

The three mentioned ways produc- 
ing highly corrosion resistant alloys 
consist respectively influencing three 
main corrosion controlling factors. The 
first ohmic and diffusional inhibition; 
the second and third, are respectively, 
cathodic and anodic activity. 


Alloys With Better Protective Layers 

The production alloys developing 
better protective layer corrosion 
products provides comparatively limited 
means increasing electrochemical 
corrosion resistance. The 
dently that the products electro- 
chemical corrosion cannot provide com- 
plete enough screening, while partial 
screening will inadequate because 
ohmic inhibition usually not the main 
controlling factor. Noticeably better 
protection may expected from the 
condensation protective films cases 
when the process takes place atmos- 
pheric conditions. example, refer- 
ence may made the increased cor- 
rosion resistance copper when alloyed 
with zinc aluminum, (i.e., the higher 
corrosion resistance brasses and alu- 
minum bronzes compared pure 
copper). The increased resistance 
steels containing compared 
common steel must also, consider- 
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able extent, explained the conden- 
sation corrosion products, although 
this case the main part played 
anodic inhibition. However, this method 
ought the chief means increas- 
ing alloy resistance high temperature 
gas corrosion. 


Reduction Alloy Cathodic Activity 


Reduction alloy cathodic activity 
offers much greater possibilities for im- 
proving the anti-corrosive properties 
metallic systems. The first method 
considered the reduction the 
cathode phase the corroding alloy 
structure, method which has long 
been popularized corrosion engineers. 
this connection reference may 
made Figures and where there 
considerable reduction the corro- 
sion rate zinc, aluminum, magnesium 
and iron diluted acids after the re- 
duction cathode effective inclusions 
these metals derivative alloys. 
Sometimes even the most common 
thermic processing through which the 
cathode inclusions are introduced into 
the solid solution, found quite 
useful from the point view corro- 
sion resistance. known that Dur- 
alumin tempering which transfers the 
cathodic inclusions into the 
considerably increases 
the corrosion resistance this alloy 
chloride solutions, similar effect 
corrosion has been noted the tem- 
pering carbon steels when the rate 
the metal’s dissolution non-oxidiz- 
ing acids being reduced after the ca- 
thodic inclusions iron carbides are 
transferred into the solid solution. 

Apart from reducing the area ca- 
thodic inclusions, the general cathodic 
activity alloy may lowered 
increasing the cathode overvoltage. 


way illustration mention should 
made the reduced dissolution rate 
zinc contaminated with cathodic in- 
clusions Fe, Cu, etc. after cad- 
mium surface amalgama- 
tion. According and others, 
evident that additional (0.5-1 per- 
cent) manganese alloying technical 
magnesium and certain other homoge- 
nous magnesium alloys with consider- 
able inclusions Fe, noticeably lowers 
the rate their corrosion NaCl solu- 
tions (Figure 7). This doubtlessly 
determined increased hydrogen cath- 
ode overvoltage the microstructural 
constituent with the introduction 
manganese into the alloy. also may 
supposed that slight arsenic anti- 
mony alloying (in the order 0.2-2 
percent) steels will reduce their dis- 
arsenic tends considerably increase 
hydrogen overvoltage the cathode. 


Reduction Alloy Anode Activity 


offers the greatest possibilities pro- 
ducing electrochemically corrosion re- 
sistant alloys. 

From the corrosion viewpoint 
extremely desirable that the strengthen- 
ing constituent constructional metal 
alloys should anodic respect 
the basic background. most cases, 
for instance carbon steels and espe- 
cially high-strength aluminum alloys 
Duralumin, this not observed. 
exception magnalium, high 
strength aluminum alloy with magne- 
sium, where the strengthening constit- 
uent anodic respect the 
main background. 

For this reason the latter alloy pos- 
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sesses increased corrosion resistance 
compared with Duralumin, because 
the separate inclusions anodic con- 
stituent quickly become dis- 
solved its structure and the surface 
brought state~of electrochemical 
homogenity shown Figure II. 

Another important means oppos- 
ing corrosion reducing the anode 
phase area the removal 
stress from the alloy surface. known 
that corrosion cracking and 
corrosion fatigue are determined ac- 
tive anode areas appearing the bot- 
tom the developing corrosion crack. 

some cases reduction 
crystallic corrosion alloys achieved 
reducing the anode area, when ob- 
taining alloy structure more 
tion appropriate thermal treatment. 
This done the same manner 
with stainless steels demonstrated 
strength aluminum alloys with per- 
cent 


Apart from reducing the anode areas, 
the alloy anodic activity may low- 
ered reducing the efficiency the 
anodic process itself. The latter may 
the first place achieved through in- 
creasing the thermodynamic stability 
the alloy introducing large quantity 
more noble constituent into solid 
solution the alloy. rule, this 
case corrosion stability increases 
leaps, the amount noble constituent 
the total content (the known n/8 
rule proposed ex- 
ample this kind gold alloying 
copper, nickel alloying steel; the lat- 
ter, for instance, effected when pure 
chromium steels are transformed into 
chromium nickel steels. 

Instead increasing the thermody- 
namic stability the anode stage, 
certain cases positive effect may 
obtained alloying with elements in- 
creasing anode phase passivity 
chromium alloying iron (production 
chromium steel), silicon alloying iron 
(production high silicon cast iron), 
chromium alloying nickel its alloys). 
noteworthy that usually marked in- 
crease passivation likewise observed 
when the content chromium atoms 
the alloy reaches value which equal 
(or any multiple the total 
number atoms; for instance for chro- 
mium steels this achieved chromium 
content 12.5, and 37.5 atomic percent, 
with 11.8, 23.7, and 35.8 weight 
percent Cr). 

Therefore, this and the preceding 
case alloying gives positive effect only 
with considerable quantities the noble 
passivating constituent. 

The addition 0.3-1.0 percent 
titanium stainless steels, which 
prevents the carbon the steel from 
extracting chromium from the solid so- 
lution eliminates chromium im- 
poverishment grain boundaries and 
the appearance intercrystalline cor- 
rosion), must also referred alloying 
inclusions increasing the passivation 
the anode phase. 

conclusion mention should made 
one more means reducing corrosion 
rate lowering anode efficiency: ad- 
dition active cathodes the alloy. 
conditions enabling the establish- 
ment passive state (absence 
ions the corrosive medium and anode 
phase passivation), additional inclusion 
effective cathodes even small 
quantities (0.1-0.5 percent) may lead 
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TABLE Ways Increasing Metal Alloy Corrosion Resistance 


General 
Procedure Specific Methods 
Productionofal- | Introduction of constituents pro- 


moting the formation of denser 
protective films on alloy sur- 
faces. 


loys with bet- 
ter screening 
layer of cor- 
rosion prod- 
ucts. 


(d) Copper alloying ot low grade steels. 


(a) Aluminum alloying of copper. 


Typical Applications 


(b) Zinc alloying of copper. 


(c) Molybdenum alloying of stainless steels for increas- 


ing resistance ion-containing solutions. 


(e) Chromium, aluminum and silicon alloying of iron 


Reduction of microcathode areas. 


Reduction of al- 
loy cathode 
activity. 


(a) Increased resistance of zinc, aluminum, magnesium, 


for increasing heat-resistance. 


iron and some other metals when dissolved in HCI 
and H2SOs (for magnesium also in NaCl) observed 
with increased purity. 


(b) Transfer of cathodic inclusions into the solid solution 


as for instance, during tempering of Duralumin 
or carbonaceous steels. 


Increase of cathodic overvolt- 
age (usually hydrogen over- 
voltage). 


(a) Amalgamation of technical zinc. 


(b) Cadmium or zine alloying of contaminated zinc. 


(c) Manganese or zinc alloying of technical magnesium. 


(d) Arsenic or antimony alloying of steel to increase 


resistance in acid. 


Reduction of al- | Reduction of anode phase area. 
loy anode ac- 


tivity. 


(a) Production of alloys, 


preferably of the magnalium 
type whose strengthening components is the anode 
and whose main background is the cathode. 


(b) Purification of alloy grain boundaries (tempering, 


reduction of impurities). 


(c) Removal of external or internal strain stresses, both 


constant and alternating (elimination of corrosion 
cracking and corrosion fatigue of brasses, high- 
strength steels and magnesium and aluminum 
alloys). 


of constituents in- 
creasing the thermodynamic 
stability of the anodic phase. 


(a) Gold alloying of copper. 


(b) Copper alloying of nickel. 


(c) Nickel alloying of steel (chromium steel in particu- 


lar. 


Introduction of constituents in- 


(a) Chromium or silicon alloying of iron. 


creasing passivation of anode 
phase. 


(b) Chromium alloying of nickel or its alloys. 


(c) Addition of constituent preventing escape of chro- 


mium from the solid solution (e.g. Ti, Nb, Ta into 
stainless steels). 


Introduction of active cathodes 
(in conditions of possible pas- 
sivation). 


(a) Additional alloying of stainless chromium and 


chrome-nickel steels with small inclusions of Pt, 
Pd, Ag and Cu. 


(b) Inclusion of copper into low alloy steel (at atmos- 


pheric corrosion). 


alloy passivity owing increased anodic 
polarization the basic 

Which the examined methods 
increasing corrosion resistance better 
may not said directly, without con- 
sidering concrete circumstances. This 
that method may found preferable 
depending the service conditions 
the given metal alloy. 

For economic reasons not always 
possible increase the thermodynamic 
stability the anode phase. 
requires the use noble constituents 
which uneconomic and not always 
practicable. Indeed, the production 
alloy the solid solution type 
(which absolutely obligatory for ob- 
taining corrosion resistant alloy 
these principles) not always possible 
due the restricted mutual solubility 
systems. 


acid corrosion under deoxidizing 
conditions accompanied hydrogen 
increase alloy resistance stimulating 
passivation. may found useful, 
however, reduce alloy cathodic effi- 
ciency increase the thermodynamic 
stability the anode phase. When pas- 
sivation possible, reduction cathode 


efficiency becomes impracticable, while 
all methods reducing anode activity, 
additional cathodic alloying particular, 
will found useful. The latter possi- 
bility, almost never considered before, 
has been experimentally 
cally established, the present paper. 


Conclusions 


The present paper examines the gen- 
eral laws governing the increase 
corrosion resistance metallic systems 
means alloying. 


The reduction corrosion resist- 
ance the introduction cathodic 
inclusions into the alloy observed the 
process the corrosion controlled 
overvoltage the depolarizing cathode 
reaction. With corrosion controlled 
oxygen diffusion, cathode inclusions not 
markedly accelerate corrosion. When 
possible establish prevalent anodic con- 
trol, cathodic inclusions may promote passi- 
vation and consequently considerably 
reduce the rate corrosion. 

The degree passivity may 
regarded value equivalent the 
degree anodic control effected the 
given process. Therefore new method 
for calculating the degree passivity 
different metals may proposed. 
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Approximate calculation the passivity 
certain metals aerated 0.5N NaCl 
solutions gives the following order 
reduction degree passivity: Ti-Al- 
Zn-Cd-Sn-Pb-Cu. 

Passivation the metal alloy 
may begin only when the anode areas 
reach the potential required for the 
anode reaction associated with the 
formation phase adsorbate pas- 
sivating oxide. The potential required 
for the beginning passivation 
nickel anode acid mediums (NiO 
formation) calculated 
dynamic data volt for iron 
anode (formation —0.081 volt 
referred hydrogen electrode. 

The possibility increasing alloy 
corrosion resistance additional ca- 
thodic alloying was interpreted ana- 
lyzing the polarization diagram. 

The possibility increasing the 
corrosion resistance readily passivated 
metallic system was experimentally 
tested chromium-nickel (18Cr-8Ni) 
and straight chromium (27 Cr) steels 
additionally alloyed with (1.2), 
(0.1-1) (0.1-0.5 percent). During 
tests hot and cold sulfuric acid solu- 
tions different concentration, the 
steels additionally alloyed with cathodic 
inclusions were more readily trans- 
ferred into passive state and were 
much more resistant than the same 
steels not alloyed with additional in- 
clusions cathodic structural con- 
stituents. 


The transpassivity stainless 
chromium 
the reduction their corrosion 
resistance such excessively oxidizing 
was explained the forma- 
tion hexavalent soluble chromium 
oxide the case when the steel potential 
becomes more positive than volt. 
Transpassivity occurs regardless 
whether the said potential 
achieved through anodic polarization 
increasing the oxidizing capacity 
the medium. polarization, 
which shifts the potential towards less 
positive values, may 
passive stainless steel into passive 

Analysis the conditions pas- 
sivation stainless steel showed that 
number corrosive media (for 
instance sulfuric acid solutions), anodic 
polarization may employed 
necessary condition anodic electro- 
chemical protection the possibility 
the given conditions establishing and 
maintaining passivity comparatively 
low current densities. The corrosion 
rate stainless steel its 
anodic polarization with current 


Any discussions this article not published above 
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density 0.01—0.1 a/m? and sur- 
face potential from +0.5 
volt (referred hydrogen electrode) 
percent sulfuric acid tempera- 
ture 50C was negligible (thousands 
times less than the absence 
cathodic protection). 

the basis modern theoretical 
conceptions the following ways in- 
creasing metal alloy corrosion resistance 
must considered practicable: 


Production alloys with 
better screening layer corrosion 
products (ohmic diffusional 
corrosion inhibition). 


Reduction alloy activity 
lowering the microcathode area 
adding constituents increasing 
the cathodic overvoltage. This 
metallic system and supposed work- 
ing conditions impossible 
attain the firm passive state. 


Reduction alloy anodic ac- 
tivity reduction anodic phase 
area; introduction constituents 
increasing thermodynamic stability 
anodic phase; introduction 
constituents increasing passivation 
anodic phase; introduction 
active cathodes alloy (if ex- 
istence alloy passive condition 
possible). 


Depending the conditions serv- 
ice and the concrete metallic systems, 
one another the examined meth- 
ods may prove more less practicable 
and advantageous. 
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Electrical Measurements and Their Interpretation 
Underground Cable Corrosion 


Introduction 

ELIMINATION trolley 

systems many cities has made 
necessary find improved methods 
making underground cable corrosion 
surveys. Many the methods formerly 
employed for electrolysis mitigation 
have proved ineffective under the new 
conditions. The purpose this paper 
discuss some techniques applicable 
the new conditions, their limitations, 
when they may used, and the signifi- 
cance the data obtained. Each the 
general techniques can interrelated 
with one more the others since 
itself may not give adequate informa- 
tion. The necessity for supplementing 
one technique with another will appear 
the discussion the examples. 

The principal reasons for making 
electrical measurements are: (1) 
locate points which corrosion current 
leaves the cable sheath, and (2) 
cathodic protection applied, deter- 
mine the cable adequately protected. 

Since corrosion electrochemical 
nature, the rate corrosion related 
the current which passes from the 
cable sheath the con- 
verting metallic metal into ions. One 
faraday 96,500 ampere-seconds 
current required dissolve one 
equivalent weight the metal. does 
not follow, however, that all current 
leaving cable produces corrosion. 
Other reactions also can occur such 
the evolution oxygen the electro- 
lytic oxidation some substance the 
surface the cable sheath. The flow 
current from the lead sheath 
changes the potential the sheath-soil 
interface what known polariza- 
tion. measurements potential 
that show this polarization effect that 
reveal the passage current from 
the cable sheath. 

Some practices and the associated 
terminology that have developed 
underground corrosion work over the 
stance, the term “cable earth poten- 
tial” leads the uninitiated believe that 
the voltage that measured actually 
that between the cable and the earth. 
Actually the cable-to-earth measurement 
the potential difference cell com- 
posed the cable, the moist earth 
electrolyte and reference electrode 
shown Figure The reference 
electrode used underground corrosion 
work may lead slug, water pipe, 
steel pin, copper-copper sulfate half cell 
other electrode having low 
ance electrolytic contact with the earth. 

Similarly, the practices connecting 
the cable the positive terminal the 
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remote earth, lead confused thinking. 
The stray current man 
must always contend with polarities, yet 
frequently has difficulty with the 
comprehension that the negative elec- 
trode corrodes where the cell gal- 
vanic origin. This difference between 
internal and external sources poten- 
tial illustrated Figure under- 
standing this difference between stray 
current and galvanic situations pre- 
requisite correct interpretation 
corrosion data. 

Consider series underground 
cables each affected different type 
corrosion. Figure stray street 
railway current which has been picked 
cable discharges from the cable 
travel through the earth back the 
railway some point near power 
station. 

Figure shows typical example 
galvanic corrosion resulting because 
cables being bonded water distribu- 
tion system having copper service pipes. 
The copper acts the cathode 
cell with internal source poten- 
tial shown Figure The long 
corrosion cell shown Figure simi- 
lar that the source potential and 
the corroding area more negative 
the reference electrode than the area 
receiving current. The source poten- 
tial may differences concentration 
would encountered cable pass- 
ing from sandy soil into clay soil 
from gravelly loam into marshy 
soil. 

the three examples above, the 
anodes and cathodes are separated 
appreciable distances and significant 
current flows the cable sheath. The 


Abstract 


Methods of making duct surveys, surface 
potential gradient surveys, measurements 
of cable to reference electrode potentials, 
sheath current measurements and earth 
resistivity measurements are described. 
Examples are given of various types of 
measurement and their interpretation. It 
is pointed out that a single measure- 
ment of the potential between a cable 
sheath and a reference electrode in con- 
tact with nearby earth may not reveal 
the existence of a corrosive condition. 
Emphasis is given to the difference in 
polarity between self-produced corrosion 
cells and those resulting from external 
influences such as stray current or con- 
tact with more noble metal. The im- 
portance employing variety meas- 
urements any particular study 
shown. References are given to _ tech- 
niques employed by other workers in 
making underground corrosion tests. 4.5.3 


difference between the long corrosion 
cell Figure and the local corrosion 
cell Figure one distance be- 
tween anodes and cathodes. local 
corrosion cells such produced 
differential aeration, these distances may 
very small, sometimes approaching 
microscopic size. Neither the currents, 
nor the potentials, are measurable 
any practical means. 

trying locate the corroding area 
and determine the cause the corro- 
sion means electrical measure- 
ments, several techniques have been 
used. Usually the selection techniques 
determined the physical situation 
encountered the site. The same true 
measurements used conjunction 
with the adjustment cathodic pro- 
tection system. The techniques can 
classified broadly as: 


Duct surveys. 


Cable surface electrode measure- 
ments. 


Surface potential gradient measure- 
ments. 


Null bridge potential measurements. 
Sheath current measurements. 
Resistivity measurements. 


Measurements potential cur- 
rent with respect foreign struc- 
tures. 


Reference Electrodes Half Cells 


reference electrode the broadest 
sense any metallic body contact 
with electrolyte such salt solu- 


NA 


--Cu 


EARTH 


Figure 1—Schematic structure half cell potential 
measurements. 
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EXTERNAL SOURCE POTENTIAL 


Figure 2—Polarities corrosion cells. 


tion moist earth, which measure- 
ments potential are made refer- 
ence point. assumed fixed and 
the other electrode looked upon 
variable. bygone years the reference 
electrode was steel plate, steel ground 
rod, lead slug, any other piece 
base metal. Such electrodes not have 
fixed potential relationship with moist 
earth, for more accurate work 
means for making ionic contact 
used which termed half cell. 


the Daniel Cell simple wet bat- 
tery composed electrode zinc 
and another copper immersed 
mixture zinc and copper sulfate solu- 
tions, the open circuit potentials the 
interfaces between the metals and the 
solution are very definite and constant. 
either one these electrodes and 
the solution surrounding placed 
container having porous bottom 
that electrical contact can made with 
the earth, half cell the result. The 
potential between the metal 
solutions will relatively constant and 
usually the contact potential between 
the solution the porous bottom the 
container and the moist earth will 
negligible constant. Then the variable 
member cell composed metallic 
body such cable sheath, moist earth 
and half cell will the electrolytic 
contact potential between the metallic 
body and the earth. This shown 
Figure where the measured poten- 
tial and the constant potential 
between copper and the saturated copper 
sulfate the liquid junction 
potential between the sulfate 
solution and the soil electrolyte. 
composite potential made various 
liquid junction potentials the soil and 
any drop that present. the 
contact potential the structure the 
soil and the potential being studied. 
composed two essential parts, 
the open circuit static potential and 
are not exactly constant reproducible 
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Figure 3—Stray current foreign structure. 
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Figure 4—Galvanic cell corrosion currents between 
dissimilar metals. 


practice and constitute 
the precision the measurements. 
large number different reference 
electrodes half cells have been devel- 
oped for laboratory use but the copper- 
saturated copper sulfate electrode has 
received the greatest acceptance for 
used the pipe line industry. The 
lead-lead chloride electrode was used 
the telephone system, but variability 
the potential from one half cell an- 
other was experienced even though the 
units were made the same time 
and from the same materials. Scott 
Ewing’ made study the copper 
sulfate and cadmium sulfate electrodes 
and was the basis his work 
that the copper sulfate half cell has 
attained widescale use the field. Both 
the calomel and the silver chloride elec- 
trodes have been used the field 
addition those mentioned above. 


Duct Surveys 

trode pulled pushed through 
empty duct subway and measure- 
ments the potential between the 
cable interest and the reference elec- 
trode are made intervals about 
three feet. Lead slugs generally are used 
for this purpose. Half cells have been 
used duct surveys but care must 
cable sheath surfaces with more noble 
metal, such copper from the copper 
sufate electrode. The author 


the calomel and the silver chloride half 
cells duct surveys avoid contamina- 
tion. Where lead slug used, the 
current and resistance between the cable 
grid and the slug sometimes are meas- 
ured addition the potential. Under 
some conditions the duct survey gives 
information which permits fairly ac- 
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Figure 5—Long cell corrosion currents. 
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Figure 6—Local cell corrosion currents. 


curate appraisal the corrosion condi- 
tions, other cases, the shielding effect 
other cables, and the indeterminate 
resistance through the duct walls renders 
the information inconclusive confus- 
ing. 

Very often nonstray current area, 
duct survey will not reveal corrosive 
condition the action confined within 
the duct and due short cells such 
those produced differential aera- 
tion. However, from the appearance 
cable that has failed, may decided 
that cathodic protection Duct 
surveys this situation will aid 
establishing the amount current re- 
quired and its proper distribution. Usu- 
ally protection achieved the cable- 
to-slug potential shifted 0.20 volt 
negative the cable made 0.70 volt 
negative the copper sulfate electrode. 

duct survey with lead slug, the 
information obtained somewhat dif- 
ferent from that obtained with 
cell since the slug potential tends 
vary with the environment and the pass- 
age time the measurement made. 
long section cable sheath 
uniformly positive lead slug 
somewhat less negative than —0.62 volt 
the copper sulfate half cell, may 
passive and not experiencing corrosion. 
Similarly indication current flow- 
ing the metallic circuit 
cable the slug may mean that the 
slug negative the cable that en- 
vironment and discharging current 
the cable galvanic 
cell. This condition would result from 
the fact that the corroded sheath 
cathodic the uncorroded slug (see 
Figure 2), 

Where the cable potential appre- 
ciably positive the slug (>0.2 volt) 
likely that the cable discharging 
current due stray field from 
galvanic effect due bonding more 
noble structure such copper water 
pipe. this connection reference should 
presentative potentials copper sul- 
fate half cell are shown. 

The anodic and cathodic areas the 
long electrolytic cells shown Figure 
also may located. this situation 
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Figure 7—Lateral potential gradient measurements. 


the more negative areas the sheath 
will the anodes and the more positive 
areas will cathodic. possible, 
any particular location, that several types 
cells may present simultaneously. 
Little hope can offered these cases 
unless one type dominates the cor- 
rosion process. 


Cable Surface Half Cell Measurements 


This method applicable buried 
and underground cables when some 
the earth’s surface exposed above the 
cable nearby. consists making 
contact the cable and determining 
the potential difference measurements 
between and reference electrode 
placed one more positions nearly 
above the cable possible. 

The data Figures are exam- 
ples cable surface half cell readings. 
Where current discharge from the cable 
suspected from the potential readings, 
determination potential two points 
equally spaced either side the cable 
will usually provide verification. 
the laterai are more positive 
than those over the cable, current 
flowing away from the cable. More 
negative readings indicate current flow 
the cable and one positive with the 
other negative indicates 
flow stray current which may not 


affecting the cable all. 


( It is customary to refer to the potential of 
the cable with respect to the half cells in 
the various locations. Thus an IR drop 
added to the potential of the cable to a 
half cell would make the cable more posi- 
tive to a half cell located to one side if 
current were flowing in the direction of the 
half cell. 


Typical examples lateral potential 
gradient readings are given Figure 
‘Two methods are shown, one which 
contact made the cable and read- 
ings made half cell placed over the 
cable and each side, and the other 
which measurements are made between 
two half cells shown. 

Without cathodic protection the in- 
terpretation the data essentially the 
same duct survey. the pres- 
ence cathodic protection, errors due 
drop are introduced which must 
taken into account. some cases 
these errors may reduced using 
the Pearson null bridge balance out 
the drop. estimation the mag- 
nitude the drop errors may 
obtained means surface potential 
gradient measurements and allowances 
made for 

potential between the cable and 
copper sulfate reference electrode 
less than 0.40 volt (cable negative) usu- 
ally indicates current loss area, 
Figure rather than cathodic con- 
dition. Between —0.40 and —0.62 volt 
uncertain area which the cable 
sheath may either anodic cathodic. 
corrosion cell resulting from dis- 
similarities the environment con- 
tact with the cable, shown Figure 
the cathodic areas the sheath would 
tend approach the —0.40 volt poten- 
tial, whereas the anodic areas would ap- 
proach potential —0.62 volt, the 
average open circuit potential lead 
soils. Polarization due the corrosion 
current would tend pull the two 
values toward each other. 
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Figure 9—Schematic of zero resistance ammeter 
method of cable sheath current measurement. 


Surface Potential Gradient Measurements 


Surface potential gradients are deter- 
mined measuring the potential be- 
tween half cells 
contact with the moist earth surface. 
These gradients indicate the direction 
current flow the earth and some ex- 
tent the magnitude the current. The 
measurements may made successively 
over the cable along its length, 
depending upon the information de- 
sired. 

Both and have given 
papers this technique. The former 
established structure-to-surface elec- 
trode potential and then proceeded 
leap-frog manner take electrode-to- 
electrode measurements over the struc- 
ture (in this case pipeline). then 
added these values algebraically deter- 
mine changes the potential the 
structure surface electrode. 

Werner placed one electrode the 
surface the earth some selected 
spot and proceeded make measure- 
ments between this electrode and rov- 
ing electrode moved successive posi- 
tions over the cable. also employed 
the lateral and equally spaced measure- 
ments verify current discharge from 
the cable. Both these techniques are 
shown Figure 

The present author uses surface gra- 
dient measurements more general 
manner depending upon 
stances encountered. some instances 
composite the Mudd, Werner and 
cable-to-surface measurements described 
above, used. examples and 
given below, the field use surface 
potential gradients illustrated. Re- 
ference can made the papers 
Mudd* and for other examples. 

points where the surface half cell 
over the cable most positive will 


@ The difference in the potential of the two 
half cells should not exceed 5 milli-volts. 
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Figure 10—Duct survey with and without cathodic protection. 
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Figure 11—Duct surveys multiple duct subway. 


the greatest loss current from the 
cable (assuming uniform 
tivity), irrespective whether the cor- 
rosion due long cell galvanic effects 
stray current. should pointed 
out that Werner connects his fixed cell 
the positive terminal his zero cen- 
ter meter does his cable, cus- 
tom long standing among telephone 
electrolysis engineers, that negative 
values his curves indicate that the 
roving half cell positive the fixed 
half cell. This must kept mind 
determining the direction current 
flow, and whether the cable tending 


Null Bridge Potential Measurements 


The null bridge dev eloped Pear- 
son, Hadley and useful 
making measurements the potential 
difference between cable and refer- 
ence electrode contact with soil 
connection with the determination 
the current required for 
tection. will eliminate the component 
drop that the common circuit 
and produced the current through 
the earth between the far electrode and 
the cable. For the effect other com- 
ponents drop and the null bridge 
circuit see Appendix 


determining the current required 
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give protection, the null bridge set 
and balanced, then the cathodic pro- 
tection current from the anode bed 
the structure increased from very 
low value, steps. The potential read 
each value current. described 
Logan’ the break the voltage-log 
current curve the point which pro- 
tection reached. Usually small factor 
about 100 millivolts more negative than 
this potential. 


Sheath Current Measurements 


Usually sheath currents 
mined measuring the millivolt drop 
over length cable sheath and trans- 
lating this into current from the nominal 
resistance the sheath for particular 
diameter and length 

more precise method that known 
the “zero resistance ammeter 
One description “zero resistance 
ammeter” circuit has been given 
Committee T-4B. The basic circuit 
the method given Figure The 
null instrument can millivoltmeter, 


® This circuit has been given various names in 
the many years since it was first conceived. 
The present name is employed by most 
corrosion engineers, 


galvanometer device consisting 
chopper, amplifier, rectifier and 
indicator. The sensitivity limited 
the reproducibility the microvolt 
readings the null instrument. Since 
the resistance two foot section 
full size cable sheath the order 
two tenths milli-ohms, the detection 
differences current one milliampere 
would require reproducible sensitivity 
about two tenths microvolt per divi- 
sion for the null instrument. such 
sensitivity considerable trouble could 
expected from thermoelectric potentials. 


The currently available instruments 
are limited the detection currents 
two foot section full sized sheath 
something greater than milli- 
amperes. Where longer sections cable 
can tapped, the sensitivity 
creased accordingly. Measurements with 
presently available instruments 
borious and time consuming. The author 
has circuit using electronic gal- 
vanometer that will detect 
ampere full sized cable sheath. 

measuring current the zero 
resistance ammeter method, contacts are 
made the cable sheath shown and 
adjusted until the null instrument 
reads zero its most sensitive range. 
this setting, assumed that there 
current flowing through the cable 
sheath between the current contacts 
cause deflection and the entire 
cable sheath current passes through and 
read the ammeter 

The usual practice measure the 
current two ends cable section 
determine loss current has 
occurred between. addition, meas- 
urements the sheath current will show 
whether cathodic protection reaching 
the desired cable group. some 
situations cathodic protection currents 
can adjusted until loss indicated 
sheath current measurements, where 
potential measurements are impractical. 
discussion sheath current analysis 
and the methed measurement was 
given Fouts.’ His methods were used 
Example Other current measure- 
ments are made bonds foreign 
structures either measuring the drop 
across shunt that used for the bond 
inserting ammeter the circuit. 


and Resistance Measurements 


Soil resistivity and resistance are 
measured with variety instruments 
available the commercial market. Soil 
pressed either ohm-centimeters 
soils one area with those another 
and some cases can used predict 
probable areas corrosion, Very often 
where resistivity measurements are made 
along structure and 
where section with exceptionally low 
resistivity found, corrosion experi- 
enced the same area. Resistance 
usually measured between 
tures between lead slug and the 
cable bank. duct surveys, this meas- 
urement between the slug and the cables 
indicates whether cathodic protection 
current can useful shifting the 
interface voltage cable within 
duct manhole. 


Examples 
Figures several typical ex- 
amples causes corrosion are shown. 
the situation Figure the location 
the current discharge point can 
determined means duct survey, 
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cable surface electrode measurements, 
surface potential gradient meas- 
urements. the surface the earth 
covered with paving that direct con- 
tact cannot made, only the first 
duct, the current the cable sheath can 
measured and the loss determined. 
Potential measurements will show 
more positive potential the point 
greatest current loss than will found 
either side. 


Verification the current loss can 
made the lateral potential measure- 
ments described above. the case 
Figure the same techniques would 
used the case the stray current. 
The interpretation the measurements 
would similar, but more emphasis 
would placed measurements the 
surface the earth over and each 
side the cable, order locate the 
cause the trouble. Figure the 
interpretation the potentials the 
cable half cell would opposite 
the preceding two situations. Corro- 
sion would occurring where the cable 
most negative. Figure none 
the techniques described would reveal 
corrosion positive manner. 


Field Example 

After cable failure manhole 
section the subway residential 
section small city, duct survey 
was made with the results shown 
Figure the dashed lines. Previous 
the failure, leaks had 
tween 120 and 160 feet from manhole 
288 and also 420 feet, which had been 
repaired after excavation and breaking 
into the duct. The final failure occurred 
415 feet and the cable was replaced. 
will noted that both these 
locations the first survey, the cable 
was significantly positive the lead 
slug. There was some uncertainty 
whether this trouble was due long 
cell produced the cable sheath itself 
the presence numerous new 
copper pipes passing under the subway 
from water main the street the 
residences along the street front, which 
were electrically connected the cable. 
prevent future trouble was decided 
install cathodic protection system 
using graphite duct anodes spare 
duct the section. 


The cathodic protection system was 
installed and energized current 
about 100 milliamperes for six months, 
then new survey was made with the 
results shown the solid lines Fig- 
ure 10. addition potential measure- 
ments between the cable and slug, the 
current and resistance slug were 
measured also. The resistance measure- 
ments clearly indicated the flooded sec- 
tion the subway beyond 290 feet 
from manhole 288. supplement the 
duct survey, nul! bridge measurements 
were made several points along the 
cable. These indicated that the cable 
was not protected 114 milliaraperes, 
but would protected with current 
between 350 and 450 milliamperes. The 
results the null bridge measurements 
are shown Table 


Field Example 

another urban location 
failure was experienced duct 
subway, containing seven lead sheathed 
and two alpeth sheathed cables. duct 
survey was made which was composed 
measurements cable slug poten- 
tials. The resistance between slug and 
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cable grid, and the current between the 
slug and the cable grid were measured. 


Individual measurements cable-to- 
slug potential and the median are shown 
Figure 11. These data not reveal 
the cause failure nor did the current 
and resistance measurements. 


the duct where the cable failed 
heavy current the slug was encoun- 
tered the point failure, but equally 
large currents were found flowing both 
and from the slug other points. 
series measurements the potential 
the cables reference electrode 
placed the earth surface was equally 
inconclusive revealing the cause 
failure but did indicate positive condi- 
tion near the west manhole. These data 
are given Figure 12. Null bridge 
measurements near the west end the 
section indicated pronounced potential 
gradient towards parking lot south 
subway. This was discovered 
balancing the bridge several positions 
the far half cell south the cable 
which gave result similar that 
Figure 19(c), but opposite polarity. 
Measurements between fixed half cell 
placed over the cables and roving half 
cell the south produced the data given 
Figure 13. The numbers the curves 
are the distances feet east the 
manhole which the lateral gradients 
were measured, 


These data indicate heavy flow 
current some buried object eight 
ten feet south the cables and other 
current coming from the parking lot. 
excavation laterally south the 
point failure revealed carbon-rich 
fill shown Figure 14. This fill was 
highly conducting both its mass and 
back the cable grid. The resistance 
between ground rod thrust into and 
the cable grid was less than three ohms, 
whereas similar measurement ad- 
jacent soil was 100 times greater. was 
now apparent that the carbonaceous 
mass was acting the cathode 
giant underground battery and was con- 
nected the cable grid through water 
and gas mains contact with it. 


Duct anodes were installed and meas- 
urements made determine the car- 
bonaceous mass would draw exces- 
sive share the protection current. 
surface potential gradients and 
current entering the sheath both ends 
the section were determined with the 
protection current and off. The cur- 
rent measurements shown Figure 
indicated that the protection currents 
large measure entered the section from 
outside return the negative recti- 
fier lead. This figure represents three 
manhole sections the cable grid, that 
the left being west the section 
which failure occurred. 


composite all the cable sheath 
currents given the bottom the 
figure. will noted that the sum 
the currents the two sides any 
bond not equal zero. There evi- 
dence interchange current between 
cables within the section. These observa- 
tions indicate decided limitation 
the significance attached small 
values current difference. However, 
this instance the magnitude the 
current returning the negative con- 
nection the cathodic protection system 
from the second manhole the east 
confirms the conclusion that insulating 
joints are required the cable sheath 
both the east and west manholes 
shown and the laterals. These joints are 


needed prevent waste current 
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Figure 12—Axial cable to half cell survey. Graph 
shows potential of the cable to a half cell on the 
surface over the cable. 
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Figure 13—Potential roving half cell fixed half 
cell placed over the cable. 
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Figure 14—Cross-section point cable failure. 


discharge from the duct anodes the 
carbonaceous fill and back through the 
water This further confirmed 
the presence currents from the 
subway the fill indicated surface 
potential gradient measurements with 
the anodes energized. 

Figure shows the effect the 
potential the cable copper sulfate 
half cell over the cable with the protec- 
tive current both off and but without 
insulating joints the sheath. Figure 
shows the position water main 
which the cable was bonded and which 
acted the conductor from the car- 
bonaceous fill the cable grid. 


Field Example 


city where high rate cable 
failure existed one section the 
business district, was felt that 
cathodic protection system might 
effective. Because the earth resistivity 
very low was decided employ two 
more groundbeds and adjust the 
current supplied from each give pro- 
tection all cables wide downtown 
area, 

Duct surveys were out the ques- 
tion because the entire underground 
plant was under water and the pumping 
required would extremely costly. 
There were very few places where con- 
tact could made the earth over the 
surface half cell and null bridge meas- 
urements was employed. 

the course the tests was found 
that manhole walls tended insulate 
the cables they contained and separate 
cathodic protection was required within 
the manhole. one critical section 
the city, the null bridge measurements 
indicated lateral potential gradient 
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Figure 15—Cable sheath currents. Arrows show direction current flow. Currents are given amperes. 


when the cathodic protection system was 
not 

Surface potential gradient measure- 
ments between two half cells shown 
Figure indicated current flowing 
from the street curb the alley. The 
numbers over the arrows Figure 
indicate the drop volts between 
two half cells placed the small circles. 
The polarity the electrodes indi- 
cated and the arrows designate the di- 
rection current flow. Subsequent in- 
vestigation disclosed bare 
copper neutral from direct current 
power distribution system the alleys. 
Since all underground structures were 
bonded together, was 
provide sufficient current from the ca- 
thodic protection system the area 
overcome this undesirable condition. 

During this survey interrupter was 
employed turn the various rectifiers 
off and several combinations. The 
rapid shift potential stable values 
made apparent that drop errors 
could not eliminated the current 
interruption method sometimes em- 
other workers. 

Typical readings are Table 
which indicate that protection has 
been achieved most Loca- 
tions and were considerable 
distance from the ground beds and indi- 
cate that additional ground bed will 
needed that area. The good agree- 
ment between the three readings assures 
that large drop errors are not in- 
cluded. Measurements the po- 
tential copper sulfate half cells 
the manhole corresponding and 
the rectifier was turned 
larly for and change from 
—.38. This clearly shows the insulating 
effect the manhole walls and fail- 
ures had been experienced the man- 
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holes, that sacrificial anodes were neces- 
sary some them, 


Field Example 

another area the country two 
failures were experienced lead sheathed 
underground cable. After the cables had 
been repaired survey was made 
measuring the potential the cable 
half cell over the cable regular 
intervals. The results this survey are 
given Figure 18. will noted that 
the average potential one side the 
failure points was about —.44 volt with 
four peaks volt —.35 volt. 
The potentials the points failure 
were volt and —.50 volt respec- 
tively with average the area 
about —.49 volt. Voltage drop measure- 
ments the sheath indicated current 
from the more positive area each 
direction with some variability direc- 
tion scattered points. From the cur- 
rent direction and the fact that corrosion 
did not occur the more positive sec- 
tions, must concluded that the 
corrosion was due long cell pro- 
duced variations the soil through 
which the cable passed. From the cur- 
rent direction measure- 
ments between cable and half cell 
likely that additional failures will occur 
north station 38, 


Discussion 


From the examples given ap- 
parent that single measurement the 
electrode contact with the earth does 
not give very conclusive information 
unless the structure appears highly posi- 
tive highly negative earth. the 
former case there little question but 
that stray current discharging from 
the structure and the latter, that the 
structure receiving current and be- 
ing cathodically protected. 


the first field example, two duct 
surveys three years apart gave some- 
what contradictory results. 
survey indicated trouble areas some- 
what positive adjacent areas, whereas 
the second, the areas trouble were 
less positive. The fact corrosion led 
the installation cathodic protec- 
tion, and potential measurements were 
used establish the amount and dis- 
tribution current required. 

the second example, the duct sur- 
vey was completely inconclusive es- 
tablishing the cause the corrosion. 
Surface potential gradients aided 
establishing the cause corrosion and 
were used adjustment the cathodic 
protection current. The cable 
cell measurements would have indicated 
dangerous area near the manhole and 
would have suggested stray current 
the cause. This would tend con- 
firmed the cable sheath current 
The lateral measurements 
disclosed the local galvanic cell com- 
posed the carbon and the cable sheath. 

the third example, the reason for 
making potential measurements was 
determine the proper current output for 
two separate cathodic 
stallations and the effective distribution 
the measurements was found that the 
manhole walls were insulating and that 
stray current existed one area. 

the initial survey single cable 
half cell measurements indicating dan- 
gerously positive potentials 
vealed only one spot. The measure- 
ments different points the area 
the potential the cable sheath 
half cell over the cable gave adequate 
information for the adjustment the 
cathodic protection system. The surface 
gradient measurements proved valuable 
locating discharge current and 
accounting for extremely high fail- 
ure rate the 
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Figure 16—Plan view area surrounding manhole 
section. 


TABLE Bridge Measurements 
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Figure 17—Surface potential gradient survey. 
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Figure 18—Cable to half cell survey. 


Protection Current; 226 292 300 

Ft. Ft. Ft. 
— 610 | ...... —.540 . 
—.600 | —.552 | —.660 


Potential in Volts to CuCuSO, Electrode at Indicated 
Distance from Manhole 288 


344 400 415 427 437 466 
Ft. Ft. Ft. Ft. Ft. Ft. 
—.560 —.600 —.492 —.510 —.531 


TABLE 2—Voltage Readings With Rectifiers and Off 


Volts Potential 


Half Cell Location 


with Respect Cable 


Cable to Half Cell 


Measurement Null 

Number Rectifiers Bridge Near Far Near Far 

chin On —.71 —.77 Curb | Building Line 


The fourth example gives the kind 
data ordinarily obtained from routine 
survey. Unless highly positive area 
encountered indicate stray current, 
the data are somewhat inconclusive. The 
corrosion this case and also the 
first example might have been due en- 
tirely small local cells but view 
the variations potential along the 
length the cables, this not likely. 
more detailed study with measure- 


ments cable surface half cell might 
have confirmed the opinion that the 
corrosion resulted from long cells. 


Conclusions 
Potential measurements will 
veal small cell corrosion and, individ- 
ually, may not distinguish between 
passive and active state the lead 
sheath surface. zone uncertainty 
lies between potential —0.40 volt 


ELECTRICAL MEASUREMENTS AND THEIR INTERPRETATION UNDERGROUND CABLE CORROSION PROBLEMS 
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Figure 19—Null bridge measurement structure 
half cell potential. 


and —0.62 where individual measure- 
ments are made the potential 
lead sheath copper sulfate half cell. 
When series measurements are 
made regular intervals along cable 
between and reference electrode 
contact with the earth duct slug, 
changes the potential usually can 
interpreted. 


Lateral potential gradient measure- 
ments are useful detecting areas 
where the cable either receiving 
discharging current. They should 
used conjunction with measurements 
along the axis the cable. 

Sheath current measurements are 


useful adjunct potential measure- 
ments and some circumstances are 
the only type measurement that can 
employed. They are useful deter- 
mining cathodic protection current 
reaches particular cable subway 
containing multiple ducts 
Measurements the current entering 
and leaving section will indicate 
whether the cable receiving dis- 
charging current. They are useless 
cases short cell corrosion. Usually 
current from cable slug duct 
indicates current discharging from the 
cable into the earth; there are situations, 
however, where the current would 
returning the cable through the earth 
from the slug due galvanic effects. 


Resistivity measurements, 
secondary importance, are useful re- 
vealing wet spots variations the 
soil. Resistance measurements between 
the cable sheath and foreign struc- 
ture are employed determine the 
coupling between the two and aid 
setting proper bonding interfer- 
ence encountered. Measurements in- 
dicating low resistance between duct 
slug and the cable grid often indicate 
points expected corrosion and aid 
the interpretation duct survey. 


Appendix 1—Null Bridge Potential 
Measurements 


The null bridge developed Pear- 
son, Hadley and useful 
making potential measurements cable- 
to-reference electrodes soil, and 
determining the current required for 
cathodic protection. reproduced 
here Figure will eliminate the 
component drop that the 
common circuit and produced cur- 
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rent the earth between the far 
electrode and the cable. The null bridge 
may reduce the effect other com- 
ponents drop but cannot eliminate 
them. For instance, Figure 19a, the 
bridge can balanced that the ratio 
the galvanometer reads zero. This 
achieved tapping the key and adjust- 
ing the ratio until change 
produced the deflection the gal- 
vanometer for changes current 
from Then the potentiom- 
eter voltmeter adjusted give zero 
reading The voltmeter will 
indicate the value 


local field exists one section 
required bring the galvanometer 
series with the near half cell zero 
will greater and lesser than 
the value However, the balance 
the bridge give change the 
deflection the galvanometer the 
dependent the local field. Usually the 
potential required bring the 
galvanometer zero while error 
the vector magnitude the local fields 
nearly correct value than had not 
been balanced out the bridge circuit. 
The presence these local fields can 


Vol. 


discovered under some conditions 
moving the location the near and far 
electrodes making surface poten- 
tial gradient measurements Ex- 
ample 
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Corrosion Zinc 


Introduction 

INVESTIGATIONS 

into the question corrosion 
differential aeration have been made 
the Cambridge University research lab- 
oratories. Despite the progress made, 
certain aspects the problem have not 
been sufficiently clarified, 
cause the rather simplified methods 
generally employed for the study 
these phenomena. the Evans cell, for 
example, one compartment contains the 
solution saturated with oxygen, whereas 
the other holds the de-aerated solution. 
practice, differences degree 
aeration different zones the metal 
surfaces vary continuously and concen- 
tration oxygen the least aerated 
zones not always equal zero. Fur- 
thermore, necessary take into 
account the phenomena which take place 
during earlier phases the process, 
before the actual final stationary condi- 
tions are established, well the 
phenomena connected with the variation 
the corrosive medium resulting from 
the corrosion process itself. Extended 
analysis reveals how the phenomena 
local corrosion “cathodic” and 
“anodic” areas superimpose themselves 
the corrosion process due differ- 
ential aeration.’ For these reasons, 
felt that experimental research based 
new criteria should some interest. 

Material selected for this study con- 
sists zinc solutions sodium 
chloride. For such system, there al- 
ready exist the experiments Evans 
and his collaborators? and the research 
Feitknecht and his 
the nature and structure corrosion 
products. Furthermore, zinc being am- 
photeric nature and presenting only 
one state oxidation, serves particu- 
larly well for the scope this research. 


Experimental 


The test arrangement shown Fig- 
ure was used this investigation. 
Difference aeration established be- 
tween the metallic portion the speci- 
men near the water level and its lower 
portion. The smaller the thickness the 
stationary solution relation its 
height, the more pronounced will this 
difference aeration. 

Zinc plate “A” was partially immersed 
solution which was contained 
ebonite box rectangular cross section. 
groove the bottom the container 
and two “ears” the upper end the 
position. The two side edges the plate 
were kept distance one milli- 
meter (equal the specimen thickness) 
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from walls the container. This was 
done order avoid secondary phe- 
nomena differential aeration. addi- 
tion, the box contained two sieves 
glass which could placed 
positions indicated arrows the 
figure. Purpose this was realize 
the various ratios between the thick- 
ness solution next the plate and 
height solution. The latter was always 
kept constant mm. 

The box was covered with glass 
plate and was provided with two holes 
(“D”) for the entrance gas and four 
others (“E”) for its exit. this manner 
the formation dead pockets was 
avoided. The ebonite box was immersed 
vessel full water and thin layer 
paraffin oil was spread the surface 
prevent evaporation. The entire as- 
sembly was then placed thermo- 
static chamber, having very low thermal 
inertia and continued circulation air 
(temperature control: +0.2 degrees C). 
The thermal inertia mass water con- 
tained the outer vessel was sufficiently 
high nullify the temperature varia- 
tions the air thermostatic chamber, 
thus enabling very high temperature 
control the solution. this manner 
the thermal convection currents, which 
could dangerous experiments 
this nature, were eliminated. 

Gases which were circulated 
the apparatus were first purified (nitro- 
gen with alkaline pyrogallol solution; 
air with caustic potash solution) and 
later saturated bubbling through 
solution similar that used for the 
test. The rate the gas flow was ad- 
justed 150 cc/minute. Tests have been 


Differential Aeration* 


Abstract 


Tests were made to study the differen- 
tial aeration corrosion of zinc in molar 
NaCl solutions under varying conditions 
of aeration, pH, and length of test time. 
Test results led the conclusion that 
formation differential aeration macro- 
cells due passivity zinc the 
zones of the specimen where cathodic 
reduction of oxygen takes place, and that 
the principal process of corrosion is ac- 
companied local corrosion processes 
the cathodic and anodic areas the 
macrocell. With buffered solutions which 
not permit the passivation zinc, 
distribution of corrosion changes radi- 
caliy, localized attack taking place 
the water level line where the oxygen 
flux maximum. 3.6.2 


made with zinc plates two different 
compositions. The first specimen was 
zinc plate obtained the process 
shaving from the fusion cast plate. Its 
composition was follows: Fe—0.01 
percent, percent, 
percent, Cu—0.001 percent, Ni—0.0005 
percent. 

The second plate was obtained 
rolling. had the following composi- 
tion: Fe—0.007 percent, per- 
cent, Cd—0.0008 percent, per- 
cent, Ni—0.0005 percent. 

Before the test, the plate was pickled 
for ten minutes cold 7.4 percent 
washed and dried. After weighing, the 
plate was kept desiccator for few 
hours. Meanwhile the solution used 
for the test was de-aerated bubbling 
through pure nitrogen. After the speci- 
men was mounted the glass cover was 
sealed with paraffin wax the re- 
quired gas (air, oxygen nitrogen) was 
circulated for set period. the end 
the test the plate was photographed and 
later treated with cold solution 
ammonium chloride and ammonia dis- 
lodge the corrosion products. was 
then washed, dried and weighed ob- 
tain the loss weight AP. portion 
solution, determination was made. 
Except when stated otherwise, all tests 

has been found that corrosion de- 
pends the ratio between the height 
(which was kept constant) and thick- 
ness the solution (Figure 2). This 
was determined with zinc plate the 


A Zine plate 

Movabie giass separators 
C Glass cover 

Gas 

E Gas outier 


bi 
320mm 
Plan 


Figure 1—Experimental arrangement for differential 
aeration corrosion tests. The glass plates can 
displaced to realize different values of +. 
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200 


Figure 2—Results corrosion tests purified air 
as a function of 7. Duration of tests was 48 hours. 


400 


Figure 3—Result corrosion tests oxygen 
function of y. Duration of tests was 21 hours. 


first type placed molar sodium chlo- 
ride solution for fixed period time 
where there was free circulation air. 
When the differences aeration are 
pronounced, corrosion increases with in- 
crease but then starts decreasing, 
finally reaching value the magnitude 


Similar experiments have been con- 
ducted atmosphere pure oxygen 
(Figure for hours’ duration and 
the course the phenomena has re- 
mained unaltered. For the same value 
corrosion zinc plate increases 
linear fashion with increase the dura- 
tion the test. only after many 
hours that the velocity corrosion de- 
creases (Figure 4). This occurs when 
the the solution, which the 
beginning was increasing gradually, be- 
will observed that the period after 
which corrosion process slows down 
(Figure 5). 

Appearance the zinc plate the 
end the test shown Figure 
the water level there strip that 
has not corroded (cathodic zone). This 
strip separated from the zones further 
down, where the metal corroded and 
covered with very thin film corro- 
sion products. Such type corrosion 
well known and has been interpreted 
due more aerated parts becoming 
cathodic and less aerated parts becoming 
anodic. 

stirring resorted during the 
test (so that the conditions differ- 
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500 


Figure test duration the rate 
corrosion, Air was circulated with y = 4. 


0 10 2 x 40 50 hours 


Figure 5—Influence of initial pH of the solution 
on the progress of corrosion phenomenon. Air was 
circulated with y = 4. 


TABLE 1—Weight Loss Pickled Zinc 
Specimens 


LOSS WEIGHT (IN MG) 


Duration of 


Test, Cathodic Anodic 
(in Hours) Zone Zone Total 
19,7 81,1 1008 
24,5 27,2 121,7 148,9 
40 38,8 200,0 238,8 
102 67,1 352,0 419,1 
NOTE: Temperature was 20C and y = \. Initial 
pH of the M — NaCl Solution was 6.4. 


ential aeration are destroyed) ob- 
served that the zinc plate experiences 
only slight corrosion. very thin and 
uniform film corrosion products can 
observed its surface. 

Tests were conducted make in- 
dividual study corrosion occurring 
“cathodic” and zones the 
zinc plate. This was done with the same 
arrangement shown Figure and 
molar solutions sodium chloride 
stream with but using instead 
plate second type zinc. zinc plate 
was divided into two parts cut 
below the water line and the two 
parts were placed the electrolyte ver- 
tically one above the other, electrical 
contact with each other. 
obtained are given Table From the 
data obtained, will seen that corro- 
sion has not been confined the 
zone alone but also has some- 
thing with the zone 
(18 mg/24 hours). 

Herzog and Chaudron* have observed 
that the voltage differential aera- 
tion pile set iron 
comes zero buffered solutions (citrates, 
borates, etc.) are used. The matter has 
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Figure 6—Appearance of zinc specimens at the end 

of test. The upper cathodic zone is separated from 

the lower anodic zone by a band of corrosion prod- 

ucts. Air was circulated with y = 2. The initial pH 

the solution was duration test was 


0 100 130 200 hours 


solution Air was circulated 
with y = 


been taken again for zinc, using the 
experimental arrangement indicated 
Figure The rolled second type zinc 
plate was used current air 

Use solution composition 
0.5 where was 
3.9 indicated that the rate corrosion 
was more less the same that ob- 
served with solution NaCl alone, 
but that had tendency diminish 
over longer test periods. Results ob- 
tained are given Figure 

Appearance the specimens after the 
test (Figure was very different from 
that obtained the previous cases. 
Corrosion was localized the water 
level with the formation 
corrosion products were formed only 
immediately below the water level and 
became hard and granular appearance 
(Figure 

Similar results have been obtained with 
NaOH having adjusted 6.4. 
Weight losses obtained 
plotted Figure and the curve shows 
diminution the rate corrosion 
longer test periods. This can ex- 
plained considering that the buffer- 
ing capacity solution when using 
phosphate smaller than that obtained 
with boric acid. 


The appearance specimens shown 
Figure 11. Localization corrosion 
the water level and formation 
corrosion products adherent the metal 
over the entire plate are observed. 
Figure plotted loss weight ob- 
tained working with solution 
M-NaOH, from which one 


concludes that the rate corrosion 
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Figure 8—Appearance the zinc specimen the 
end of the corrosion trial in solution of M-NaCl + 
0.5M-H3BOs. Duration of test was 185 hours. 


Figure 9—Magnified view showing corrosion at the 
water level the specimen Figure 3X. 


100 150 


20 hours 


Figure zinc solution M-NaCl 
-++ 0.05M-KH2PO, +- NaOH, initially adjusted at pH 
6.4. Air was circulated with y = 4. 


greater than that observed previous 
cases. This attributed the ability 
alkaline solutions even absence 
oxygen. Overall corrosion, therefore, 
corrosion process due oxygen reduc- 
tion the corrosion process accom- 
panied hydrogen evolution. The 
latter process has been isolated and in- 
vestigated individually circulating 
pure nitrogen gas the cell. The results 
obtained (see Figure 13) prove that the 
corrosion rate due reduction 
comparable with that observed 
previous cases. (Corrosion rate due only 
reduction oxygen equal 200-62 
mg/24 hours 138 mg/24 hours); 
the values obtained previously were 126, 
120 and 120 mg/24 hours the experi- 
tively). The increased buffering capacity 
the solution used manifests itself into 
the constancy corrosion over long test 
periods. The specimens were completely 
free corrosion products with very 
strong localization attack the water 
level, illustrated Figure 14. Figure 
the section the plate and 
shows prominently the localization 
corrosion, 


Discussion Experimental Results 
differential aeration corrosion 


Figure the specimen after the 


test in solution buffered with the phosphate. Dura- 
tion of test was 30 hours. 


Figure 12—Corrosion zinc solution M-NaCl 
M-NaOH with circulation of air and y = 4. 


zinc, the anodic process metal disso- 
lution: 


compensated the cathodic process 
oxygen reduction: 


corresponding the production 
ions. The ions diffusing through 
the solution cause increase till 
reaches the value which corresponds, 
for that particular concentration zinc 
ions, that which precipitation 
zinc hydroxide occurs. cathodic and 
anodic areas are far removed from each 
other (macroelements), diffusion Zn** 
ions from anodic areas and ions 
from cathodic areas leads precipita- 
tion corrosion products the line 
demarcation between cathodic and 
anodic areas (Figure 6). cases where 
the anodic and cathodic areas are very 
small and are closely mixed amongst 
themselves, precipitation corrosion 
products takes place immediate con- 
tact with the metal surface; layer 
corrosion products formed thereby, 
which exercises protective action. This 
protection generally not complete, the 
layer being porous. Normally the differ- 
ential aeration corrosion process under 
the cathodic control oxygen diffusion. 
But protective layer corrosion 
products formed the anodic areas, 
the corrosion process under anodic 
control and becomes independent the 
oxygen diffusion process. one case 
the mixed potential must close the 
value for the dissolution potential 
the metal; the other case must be- 
come more noble and closer the po- 
tential corresponding the cathodic 
process. 


Having thus recalled briefly the phe- 


100 


hours 


M-NaOH with circulation of nitrogen and y = %4. 


Water-line 


Figure 14—Corrosion the water level observed 
air, after a test of 210 hours. 3X. 


Figure 15—Section the zinc plate previous 


figure. Localization the corrosion the water 
level was observed. 


nomena that take place cathodic and 
anodic areas and the body the 
solution, will possible interpret 
the following manner the phenomena 
differential aeration corrosion zinc 
when the solution initially free 
oxygen. 

Oxygen, diffusing the solution, first 
reaches the metallic specimen surface 
the nearest points the water level and 
gives rise local process corrosion 
the formation micro galvanic cells, 
where Zn** and ions are produced. 
The localized increase leads 
the formation protective layer 
corrosion products and hence passiva- 
tion zinc the water level. While the 
cathodic process continues proceed 
such zones that correspond the 
maximum flux oxygen, the process 
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zinc dissolution gradually shifted 
the lower parts the specimen where 
oxygen flux small that increase 
and passivation zinc cannot take 
place. the conditions differential 
aeration are severe, passivation zinc 
confined only the zones nearest 
the water level and corrosion proceeds 
the lower parts with the formation 
macro differential aeration cell, 
satisfied under the experimental condi- 
and The corrosion process 
hence under oxygen diffusion control 
and initially varies with linear func- 
tion time (Figure 4). 


The corrosion intensity increases with 
the increase oxygen flux, happens 
ions formed reduction oxygen 
cathodic areas manage reach the 
anodic areas (whether diffusion 
convection currents body the 
solution) and lead passivation. The 
velocity the corrosion process there- 
fore falls and the control oxygen 
diffusion process becomes less im- 
portant. The interval after which this 
phenomenon comes into play depends 
the initial the solution (Fig- 
ure 5). 

the condition differential aera- 
tion mild, the amount oxygen ar- 


riving even more deeply immersed 
parts the plate sufficient lead 
passivation the entire specimen. The 
corrosion process governed the 
anodic control and its velocity becomes 
lower than what should were 
under oxygen diffusion control. This 
means that only part available 
oxygen reduced, whereas the remain- 
ing part just accumulates, saturat- 
ing the solution. Under these conditions, 
intensity corrosion process becomes 
independent the geometrical condi- 
tions which determine the oxygen flux 
distribution (Figures and for 
and 2). 

Hence follows that the following 
phenomena overlap the phenomena 
differential aeration: 


Corrosion due local micro-cells 
the water level. This intense the 
initial stages, but slows down later due 
local passivation the metal. can 
become intense again when accumula- 
tion ions becomes large enough 
permit corrosion zincate for- 
mation, when buffered solutions are 
used, not permitting the passivation 
Zinc. 


Corrosion due micro-cells the 
less aerated zones the specimen. 


Vol. 


Conclusions 


conclusion, formation macro- 
cells differential aeration connected 
with passivation zinc the more 
aerated zones. The differential aeration 
corrosion cannot exist without passiva- 
tion the more aerated zones the 
metal. buffered solutions are used 
that outside the range corre- 
sponding that causing the passivation 
zinc, the formation anodic and 
cathodic areas constituting differential 
aeration macrocells is, actually, not ob- 
served. Corrosion takes place due 
microcells and their distribution coin- 
cides with that the oxygen flux 
the metal surface (localized corrosion 
the water line, see Figure 15). 
this last case, velocity the corrosion 
process comes again under the control 
oxygen diffusion process the 
solution. 
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The Mechanism Stress Corrosion 
Austenitic Stainless Steels 
Hot Aqueous Chloride Solutions* 


Introduction 
NCREASED use corrosion re- 
sistant materials has possible 

the mitigation elimination num- 
ber corrosion problems the oil and 
chemical industries. Despite this general 
progress, problems involving stress cor- 
rosion attack seem have become 
more and more troublesome. 

Austenitic stainless steels are among 
the alloys known subject stress 
corrosion, failures having been reported 
such varying media high-conduc- 
tivity, and 100 percent caustic 
The numerous publications which 
have appeared recent years give 
good survey the media which aus- 
tenitic stainless may undergo 
this type attack well the order 
tensile stresses necessary cause 
such these accounts, how- 
ever, there great divergence opinion 
regarding the mechanism this type 
None the theories put 
forward can explain all the facts ob- 
served actual service and the lab- 
oratory. service has not 
proved possible yet find suitable 
means for combating this type attack, 
other than complete stress-relieving 
the material and keeping the 
stresses very low level. Nor has 
been possible establish relationship 
between service performance and results 
obtained laboratory experiments. 


practical experience has shown, the 
offenders causing stress corrosion 
austenitic stainless steels. only the 
chloride ion aqueous solutions were 
the active agent, all chloride solutions 
would behave the same way and, for 
certain type steel certain mag- 
nitude applied stress, only the con- 
centration and the temperature would 
then determine the time failure. How- 
ever, not all aqueous chloride solutions 
give rise stress corrosion the same 
extent. solutions where stainless 
steels are very resistant corrosive 
attack ZnCl), tensile 
stresses very soon lead stress corro- 
sion. solutions where pitting normally 
occurs (NaCl, KCl, 
nomenon observed only after 
very long exposure times; solutions 
causing heavy attack 
stress corrosion experi- 
enced. Furthermore known that the 
addition oxidizing compounds 
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chloride solutions may 
type attack. The latter facts suggest 
that for the ocurrence stress corro- 
sion austenitic stainless steels the 
chemical and mechanical behavior 
the passivating film are factors im- 
portance. 

The present paper presents some re- 
sults that have far been obtained 
investigation the mechanism 
stress corrosion austenitic stainless 
steels hot aqueous chloride solutions. 


Method Investigation 

choosing the steels for the investi- 
gation, special attention was paid 
ensuring that they were normal com- 
position and that the annealed and 
quenched condition and 
was present. The chemical compositions 
these steels, determined standard 
methods, are tabulated Table 


Before testing, all specimens (dimen- 
sions: 120 mm) were stress- 
relieved annealing for minutes 
900 followed cooling still air. 
Next, the specimens were pickled 
remove the oxide film polished. 
Polishing was done electrolytically 
order obtain undeformed and re- 
producible surface. This was carried out 
133 acetic anhydride and 
satisfactory polish and reproducibility 
surface was realized. After polishing, 
the specimens were washed thoroughly 
and then electrolytically etched 
percent oxalic acid solution reveal 
the structure. The etching time was 
about minutes. The specimens were 
then passivated air for the formation 
protective film. The time ex- 
posure air depended the type 
experiments carried out. Normally, 
the passivating treatment not men- 
tioned, was one hour duration 
air room temperature. 

The specimens were next mounted 
stainless steel holder (Figure 1), 
from which they were insulated small 
glass rods and which they could 
stressed. The whole assembly 
the boiling chloride solution; from 
time time the assembly was taken 
out and examined after washing. The 
construction the holder permitted the 
changes the metallic structure due 
deformation, the initial corrosive attack 
and the cracks formed under the stresses 
applied studied under the micro- 
scope magnifications 1000. 


the first few experiments normal 


Abstract 


An investigation into the mechanism of 
transcrystalline stress corrosion of aus- 
tenitic stainless steels (18 Cr/8 Ni and 
Cr/20 Ni) hot aqueous chloride 
solutions has shown that this phenome- 
non must described being process 
alternating between corrosion and me- 
chanical cracking. Only sharp-edged pits 
formed specific corrosive attack 
initiate and propagate the mechanical 
cracking. These pits act as stress raisers; 
the conditions for notch brittleness of 
the materials involved are produced, so 
that mechanical cracking occurs, which 

At high stresses small pits occurring 
either the slip bands the grain 
boundaries may cause cracking, whereas 
at low applied stresses, only longish pits 
formed at the slip bands initiate it. 

The investigation proves that the initial 
corrosive attack is dependent primarily 
the mechanical and chemical behavior 
the passivating film already present 
the steel formed during exposure 
the corrosive medium, and only 
minor extent on the structure of the 
metal itself. 

the type initial corrosive attack 
is changed by comparatively small altera- 
tions in the composition of the corrosive 
medium, stress corrosion either pre- 
vented accelerated. Tests illustrating 
this observation are discussed. 3.5.8 


fine-grained material was used. This 
material, however, did not reveal suffi- 
cient details the initial attack and the 
propagation the cracks give infor- 
mation any value the mechanism 
stress corrosion. Moreover, 
cracking was transcrystalline, the initial 
attack and cracking must have occurred 
the grains and not the grain bound- 
aries. For these reasons, most the 
experiments were carried out with ma- 
terial recrystallized temperature 
1250-1300 and slowly cooled. 

corroding agents the following 
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Figure 1—Specimen holder. 
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Figure 2—Steel (AISI 304) recrystallized, polished 
and etched. Original magnification, 300X; actual 
magnification after — for engraving purposes, 


Figure 3—Specimen shown in Figure 2 after deforma- 
tion. Original magnification, 300X; actual magnifica- 
tion after reduction for engraving purposes, 165X. 


their boiling points: 


42% (chem. pure), and 
NaCl 1.5% (both a.r. 
quality). 
Each specimen was tested 300 
fresh solution. 


Experimental Results 
Initial Corrosion Attack MgCl. 


Steel (AISI 304) the recrystal- 
lized condition, after electrolytic polish- 
ing, etching and passivation air for 
one hour, showed large even grain 
size with some twinning and precipita- 
tion carbides the grain boundaries 
(Figure 2). After stressing (deflection: 
mm) few slip bands were visible 
(Figure 3). Exposure 
utes resulted more slip bands (Figure 
4). This phenomenon due the de- 
crease the yield strength, which for 
this steel the order kg/sq 
room temperature, and about kg/ 

The amount slip bands formed 
which are observable with the normal 
microscope depends the thickness 
the oxide film and its mechanical prop- 
erties. The same steel showed some- 


Figure 4—Same specimen pictured Figure but 

after 10-minute exposure to boiling MgClz solution. 

Original magnification, 300X; actual magnification 
after reduction for engraving purposes, 165X. 


Figure 5—Steel after passivation air for 240 
hours and short exposure to boiling MgCle. Slip bands 


were attacked. Oirginal magnification, 770X; actual 
magnification after for engraving purposes, 


what different picture this respect 
after the normal pretreatment and after 
passivating air for 240 hours. Only 
few slip lines could observed this 
case; they were attacked the cor- 
roding agent (Figure 5). After exposure 
for one hour, fine cracks had 
developed, originating those areas 
the slip bands which had been heavily 
attacked. The cracks formed were all 
plane perpendicular the orientation 
the highest tensile stresses and 
showed relation whatsoever the 
structure the metal (Figure 6). 


Various experiments carried out with 
recrystallized steels (AISI 304), 
(AISI 317) and (AISI 347) stressed 
just above the yield point room tem- 
perature invariably showed the same 
phenomena: pitting alternating with 
very fine cracks, the pattern resembling 
pearl necklace. This suggested that 
pit initially formed corrosion; 
the pit then acts stress raiser and 
initiates the mechanical formation 
crack. Near the tips the cracks, 
corrosion again starts and results 
pit. Thus new notch formed 
which the stresses are enhanced and 
consequently the crack can propagate 
mechanically. Figure shows how this 
occurs.* 


TABLE 1—Chemical Composition Steels 


Figure specimen pictured Figure but 
after one-hour exposure boiling solution. 
Cracks formed. Original magnification, 600X; actual 
magnification after ae for engraving purposes, 


After mechanical cracking, corrosion 
starts along the cracks, the freshly ex- 
posed material not being protected 
oxide film. This process very slow 
compared with the mechanical crack- 
ing the steel. However, starts im- 
mediately after cracking and therefore 
very difficult find specimens 
which secondary attack has taken 
place. Along the newly formed pits, slip 
the material can sometimes ob- 
served (Figure 8). 

order confirm the hypothesis 
that stress corrosion must process 
alternating between corrosion and me- 
chanical cracking, experiments were car- 
ried out with recrystallized steel (AISI 
317). The material was stressed just 
above the yield point room tempera- 
ture and continuously examined micro- 
scopically. After hours’ exposure 
boiling corrosive attack the 
slip bands resulting pitting was ob- 
served. These pits were comparatively 
large and rotund shape (Figure 9.) 
They show fine structure and the 
cracks formed have their origin the 
fine cracks” visible. 

Figure shows another area this 
specimen. Besides various pits the tip 
crack already formed visible the 
upper part this micrograph. After 
further exposure for hour the crack 
had developed further (Figure 11) 
the formation new pit its tip, 
and the further mechanism already 
described. Along the crack formed, 
slip the material can observed. 
Mechanical deformation the specimen 
did not cause the crack progress; 
only became wider and its tip the 
material was heavily deformed slip 
(Figure 12). 

means etching corrosive re- 
action large roundish pits were produced 
polished surfaces. Then 
mens were exposed the boiling 
solution. The cracks formed always had 
their origin the newly formed pits 


*For reasons of clarity the specimen was 
polished slightly after exposure to remove 
the corrosion products precipitated on the 
surface. The slip bands therefore are not 
seen. 
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Figure 7—Pitting alternating with cracks mechan- 
ically Original magnification, 400X; actual 
magnification after for engraving purposes, 


Figure 8—Slip along pits formed the tips 
cracks. Original magnification, 550X; actual mag- 
nificaticn after a for engraving purposes, 


the slip bands and not the large 
roundish ones. 

These results indicate that the shape 
the pits major importance. Very 
fine, sharp-edged pits appear initiate 
cracking the material whereas round- 
ish pits with substructure seem 
much less likely so. particular, 
elongated and deep pits are dangerous 
from this point view. 

Figure shows the cracks formed 
recrystallized steel (AISI 317) 
under high stresses (deflection: mm). 
The first attack (pitting) took place 
the grain boundaries; the long crack 
formed, has its origin this pit. The 
crack shows branching and curving, two 
symptoms suggesting that the fractur- 
ing process brittle nature. Along 
this crack again additional deforma- 
tion the material was observed. 

was found also that the case 
high stresses the initial corrosive attack 
occurs the slip lines. Steel (AISI 
304) exposed immediately after stress- 
ing the boiling showed 
cracking after only minutes. The ini- 
tial attack occurred the slip bands 


Figure 9—Fine structure pit. Original magnifi- 
cation, 450X; actual magnifications after repro- 
duction for engraving purposes, 600X. 
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Figure 10—Pit and tip of a crack. Original magnifi- 
cation, 300X; actual magnification after reduction 
for engraving purposes, 210X. 


and the cracks formed were very fine 
(Figure 14). 

The authors hold the view that the 
a-ferrite formed deformation not 
responsible for the initial corrosive attack. 
test this assumption, experiments were 
carried out with specimens which after 
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Figure 11—Specimen shown Figure after further 

exposure. Note propagation of the crack. No deforma- 

tion is observable along the crack. Original magnifi- 

cation, 500X; actual magnification after reduction 
for engraving purposes, 360X. 


Figure 12—Specimen shown in Figures 10 and 11 
after further deformation. Note slip the pit the 
crack. Original magnification, 365X; actual —— 


cation after reduction for engraving purposes, 220X. 


stressing showed @-ferrite. Steel 
(AISI 304) was stressed 200 (de- 
flection: mm) and then immediately 
exposed boiling solution. 
may assumed that this tempera- 
ture (martensite) formed. 
The slip bands formed were very nu- 
merous owing the drop the yield 
point. The same attack was observed 
when deforming this austenitic steel 
room temperature (Figure 15). 

Tests (deflection: mm) also were 
carried out with steel (AISI 310) 
which not prone form 
upon deformation. The slip bands were 
heavily attacked and the resulting pits 
cracking the material was initiated. 
Cracks were observed after four hours 
exposure the boiling solution im- 
mediately after stressing (Figure 16). 

confirm the results obtained with 
recrystallized material, tests were car- 
ried out with fine-grained material. 
difference mechanism was observed. 


Tests Boiling Percent NaCl, 

1.5 Percent 

Experiments carried out per- 
cent NaCl, 1.5 percent solu- 
tion confirmed the anticipation that 
this medium the mechanism stress 
corrosion would the same 
boiling magnesium chloride solution. 
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(b) Passivation and stressing only. 


the specimens (b) were immediately 
exposed boiling solution, they 
already showed the first cracks after 
minutes, while the “passivated-stressed- 
passivated” specimens developed cracks 
only after about two hours’ exposure. 

comparative tests carried out the 
solution corrosion 
product was formed the “passivated- 
stressed” strips after one minute, whereas 
the 
specimens this corrosion product formed 
only after considerably longer time. 
The same can said with respect 
the time for cracking. 

The influence the silicon content 
the oxide film present the steel 
was studied with steels having silicon 
contents between 0.30 and 3.0 percent. 
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the material, elongated pits are neces- 
sary cause this phenomenon. the 
corrosive attack such nature that 
sharp-edged pits are not formed, 
stress corrosion will 

Along the cracks, which are very fine, 
deformation takes place. The cracks 
ularly higher stresses. The length 
the cracks depends the magnitude 
tensile stresses the form and the di- 
mension the pits, the orientation 
the crystal crystals involved, the tem- 
perature, etc. 

Near the tips the initial cracks 
fresh corrosive attack takes place, prob- 
ably owing the development very 
fine slip lines their vicinity owing 
still unknown factor, resulting 
pitting. these newly formed pits the 
stresses are enhanced. The further prog- 


mechanical cracking until the cra 

fails completely. (a) 

the 

Discussion the Mechanism Stress its 

Orientation Corrosion Austenitic Stainless Steels (c) 

pletely brittle material. This phenome- but 

inal magnification, 290X; metals under certain conditions and 

after reduction for engraving purposes, 160X. then called notch brittleness. be- the 

lieved that brittle fracture otherwise 

ductile material occurs chiefly when, 

The specimens tested, exposed triaxial state tension, least one 

diately after stressing, showed re- principal stress tensile nature. 

lationship between the silicon content shear stress across 

and the number cracks formed. crack (e.g., notch formed mechani- 

sulted increase the stress concentration this surface 

cracks. crack, 

should emphasized that the 

Influence Reducing Substances micromechanism fracture under- 

SnCl stood only very special cases and 

solution resulted the pre- fracturing process the case stress ert 

pits initially formed corrosion vention, least spectacular Factors which are known 

were larger and less deep and the cracks duction stress corrosion. The importance, but whose influence 

formed consequently were shorter. added was not contact with the not yet understood are the surface 

the pits corrosion product was specimens. After long exposure times energy, the hydrostatic pressure the 

ance of a “pearl necklace again was The addition of SnCh presumably re- crystalline material, phase transforma- Th 

sults continuous reduction the etc. Nevertheless some tio 

passivating film, while and act with respect the initiation 

Influence Thickness Passivating Film depolarizer, whereby the corrosive the first cracks their 

This section describes briefly some attack Metallic Mg, added can drawn. the rate the corro- 

results obtained the physical the solution, resulted attack along the slip bands 

chemical behavior the passivating stress corrosion. Me- constant, can said that the 

film and the influence small not eliminate the forma- are high, cracks will appear 

tions the chemical composition initial cracks, although whereas they are low, cracks 

stress corrosion austenitic stainless their propagation. will develop only after prolonged ex- dif 

steels aqueous posure. Obviously, the stresses are for 

Steel (AISI 304) which susceptible Stress Corrosion not evenly distributed, the time neces- 

the was used for Hot Aqueous Chloride Solutions sary for the first cracks appear will 

carrying out these experiments. the basis the experimental re- from place place. Not taking 

regards the number cracks obtained the phenomenon trans- account the rate the corrosive 

formed, difference was observed be- stress corrosion hot chlo- concluded that the 

tween specimens passivated air for solutions may said develop shape the pit formed corrosion 

one hour, one day and one week. The follows: Stressing austenitic steels major importance. its length 

number cracks was highest those deformation the and its radius curvature tac 

specimens which were passivated long- results slip. the places where smaller, the possibilities initiating 

est the specimens were exposed slip occurs the oxide film present the certain magnitude applied 

boiling solutions immediately can damaged, that cor- are greater. understandable 

stressing. rosive attack these places possible. therefore that not all pits lead crack- chl 

order test the belief that during then results pitting. These Roundish pits will not enhance 

the process slip the oxide film the stress raisers, that mechanical any marked extent, and thus 

metallic surface broken least the material initiated. crack may expected develop 

greatly weakened, that The cracks lie plane perpendicu- only very high stresses. Elon- cal 

bility corrosive attack present, the highest tensile stress and pits with very small radius 

specimens were tested after two types not proceed along crystallographic planes. the other hand, may suf- sta 

pretreatment. These were: high stresses small pits are suffi- fice initiate mechanical crack 

(a) Passivation, stressing, further pas- for initiating cracking; with low 

sivation air, and stresses the order the yield point view the foregoing also 


understandable that service, owing 
uneven distribution stresses, there 
such variation time until failure 
takes place and that very difficult 
find correlation between laboratory 
experiments and service performance. 


The Corrosive Attack 


The experimental work 
that the corrosion starting the process 
great extent determined the 
mechanical and chemical behavior the 
passivating film the surface (formed 
previously the action the me- 
dium) and not the presence ab- 
sence a-ferrite postulated Ede- 
The initial corrosive attack occurs 
only the places where the passivating 
film impaired upon the 
authors’ opinion there are three main 
factors which influence the site and the 
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form the initial corrosive attack and 
consequently determine whether not 
cracking the material will induced: 
(a) the magnitude the stresses, (b) 
the structure the passivating film and 
its physical and chemical behavior, and 
(c) the composition the aggressive 
medium. 

The magnitude the stresses and 
their distribution not only influence the 
mechanical cracking process general, 
but also determine the areas where the 
initial corrosive attack will occur. 
was found that low applied stresses 
the initial corrosive attack takes place 
only few spots the slip bands, 
whereas higher stresses this attack 
occurs many places both the slip 
bands and the grain boundaries. This 
variation initial attack can ex- 
plained the fact that low applied 
stresses the slip process takes place only 
the grains and not the nearest 
vicinity the grain boundaries. the 
latter, owing the heavily disordered 
structure, higher stresses are needed 
bring about yielding this material. 
Therefore, lower stresses only the 
film fractured its passivating prop- 
erties are impaired the slip bands, 
whereas high stresses this also oc- 
curs the grain boundaries. 


chemically resistant film which 
very brittle will show many defects, 
even when low stresses aré applied. 
Thus, the conditions for crack initia- 
tion are fulfilled, many such cracks can 
observed. the other hand film 
which ductile and therefore can easily 
deformed will cause only few 
cracks, 

oxide film formed stainless steel 
more ductile than crystalline one. The 
difference the number cracks 
formed, between specimens covered with 
thin film and with thicker film 
due the difference mechanical prop- 
erties. general the ductility films 
impaired with increasing thickness. 

Apart from the mechanical behavior 
the oxide film, its chemical resistance 
has great influence the initial at- 
tack, especially regards rate and type. 
metals which show good re- 
sistance against corrosion but which are 
susceptible local corrosive attack 
chloride ions, are prone stress corro- 
sion solutions containing these ions. 
known, for example, that 
amorphous film will afford better chemi- 
cal protection than crystalline one. 
showed that the case 
stainless steels particularly the sili- 
con content which enhances the resist- 
ance against corrosion chlorides. 
can assumed that silicon impairs the 
ductility the film, that the material 
then becomes very susceptible stress 
corrosion. The results obtained the 
present investigation confirm this. 


passivating film has low resist- 
ance corrosion, stress corrosion 
can expected, because the attack 
then general and not local. 


Not all chloride solutions show the 
same severity causing stress corro- 
sion. This must ascribed differ- 
ences pH, resulting from hydrolysis 
the salts and the possibility that 
certain metallic ions have more pro- 
depolarization the anodic ca- 
thodic reactions than others. Con- 
sequently the initial corrosive attack can 
show variation rate and form. 

The presence other compounds also 
influences the corrosive attack. Oxidiz- 


Figure 14—Heavily stressed material. Note attack at 
the slip bands and cracks Arrows 
crack. Original magnification, 900X; actual magnifi- 
cation after reduction for engraving purposes, 540X. 


oxygen) which polarize the anodic cor- 
rosive reaction, inhibitors adsorbed 
the anodic areas, can counteract the 
corrosive attack. the action these 
compounds normal pitting can changed 
into very fine pitting. Hence, stress 
corrosion promoted, could shown 
with the other hand, 
depolarizing substances can change the 
corrosive attack such way that 
sharp-edged pits are formed. The same 
effect produced reducing com- 
pound, which continuously reduces the 
passivating film, that pitting can 
occur. 
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DISCUSSION 


Questions Charles Dillon, Carbide 
and Carbon Chemical Company, Texas 
City, Texas: 


the stainless steel stressed above 
the yield point, and the stress multiplied 
pitting, why this apparently brittle 


the crack propagation, does not the 
geometry the system require that the 
cathode area contained within the 
crack? 


corrosion (e. g., pitting) the applied 
stresses are multiplied and consequently 
the steel will further deformed the 
root the notch. there possi- 
bility for further yielding the mate- 
rial, mechanical crack will initiated. 
The nature the fracture (brittle 
ductile) depends various factors (e. g., 
the sharpness the notch, the tempera- 
ture, etc.). 

The appearance the cracks formed 
stainless steel result stress cor- 
rosion indicates that they are brittle 
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nature. far, investigation has been 
carried out into the mechanism 
crack initiation and brittle fracturing 
stainless steels. 

have found that after mechan- 
ical cracking corrosion starts along the 
cracks and that this process very slow 
compared with the cracking process. 
Therefore can assumed that the 
geometry the anode/cathode system 
and along the crack not simple 
one, 

Assuming that electrochemical action 
involved the propagation the 
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crack, the geometry the system then 

requires: 

(a) That the cathode area contained 
within the crack, 

(b) That anodic passivation the un- 
stressed fractured sides the cracks 
taking place. 


Question Phelps, Applied Re- 
search Laboratory, Steel Corp., 
Monroeville, Pa.: 

correct that your proposed mecha- 

nism applies only the extension 

cracks the surface the metal, and 
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not propagation cracks through 
the metal? 


Indications were that for the propaga- 
tion cracks through the metal, the 
described mechanism also applies. 
making cross-sections 
mens, was observed that the case 
“roundish pits” formed the root 
the crack propagation the cracks 
occurred, whereas the case 
edged pits” this could take place. 


Any discussions this article not published above 
will appear the June, 1958 issue 


DISCUSSIONS TECHNICAL ARTICLES ARE SOLICITED 


Discussions technical articles published Corrosion 
will accepted for review without invitation. Discus- 
sions must constructive, accompanied full sub- 
stantiation fact the form graphs 
other representative data and submitted three 
typewritten copies. 

Authors discussions are asked supply one copy 
figures suitable for reproduction and will sent 
request copy the NACE Outline for the Prep- 
aration and Presentation Papers. 
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Discussions will reviewed the editor Corro- 
sion and will sent the author the paper 
discussed for his replies, any. Publication will 
the Technical Section with full credit the authors 
together with replies. Discussions papers presented 
meetings the association may submitted 
writing the time presentation later mail 
the editorial offices Corrosion, 1061 
Houston Texas. 
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Figure 1—Penetration new 3/16-inch thick injection string, after 3.5 month 
exposure. Hydrogen sulfide content of water was 105 mg/liter; temperature 


was 115 F. 


Figure 2—Metal-to-metal chrome plated plunger in service 
sulfide content of water was 1.0 mg/liter coupied with CaCO; deposition. 


Corrosion Problems Water 


Introduction 
ORROSION FAILURES are seri- 
ous matters water floods because 
they usually reach maximum near the 
economic limit the flood. Repairs and 
replacements which would economi- 
cally feasible the early life flood 
become prohibitive near the end. 
essential therefore that the corrosion 
engineer plan and carry out preven- 
tive program early the flood life. 
Such program will cheaper direct 
costs and also may provide additional 
profit for the operator extending the 

economic life the flood. 

The pilot flood the best time 
establish the most feasible 
water treatment and corrosion control. 
Where possible, closed system pre- 
ferred open system. either type, 
the minimum treatment water should 
applied. Use corrosion preventive 
measures strictly matter econo- 
mics. cheaper use them than 
live with the corrosion, their use 
justified, Living with the corrosion 
creates possible secondary problem 
plugging the injection wells with 
products corrosion. This expense also 
should considered when estimate 
made corrosion costs. 


Internal Corrosion Problems 


Methods Detection Prediction 
Corrosion 


The seven basic tools methods 
detecting predicting corrosion 
water flood operations are (1) water 
analyses, (2) corrosion coupon tests, (3) 
corrosion probe tests, (4) bacteria tests, 
(5) membrane filter analyses, (6) review 
the corrosion history and (7) examina- 
tion existing equipment. 

Complete water analyses are the first 
requirements. The analyses offer some 
indication possible corrosive agents 
and their concentrations may used 


*% Submitted for publication May 10, 1957. A 
paper presented at the 1957 University of 
Oklahoma Corrosion Short Course, Norman, 
Oklahoma, April 2-4, 1957. 
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the State Oklahoma 


rough indication the severity the 
expected corrosion. 

Results corrosion coupon tests are 
excellent for relative comparison. The 
indicated corrosion rates obtained 
corrosion coupon tests usually cannot 
applied directly measure the rate 
corrosion the equipment. However, 
they are considerable qualitative value 
and they have some quantitative value 
when used evaluate the results 
mechanical chemical changes the 
injection system. 

Results corrosion probe tests are 
similar those the coupon tests. The 
principal advantages probe installa- 
tions over the coupon installations are 
that the probe data can obtained 
without interrupting operations and the 
results can obtained Since 
the required interval time much 


Abstract 

The seven basic methods of detecting 
corrosion in water flood operations are 
water analyses, corrosion coupon tests, 
corrosion probe tests, bacteria tests, cor- 
rosion probe tests, bacteria tests, mem- 
brane filter analyses, review of the cor- 
rosion history, and examination of exist- 
ing equipment. Each these methods 
discussed briefly. 

Consideration is given to some of the 
principal causes of internal corrosion. 
Methods of controlling such corrosion 
include inhibitor treatment, aeration, bac- 
teria control, cathodic protection and 
the use of corrosion resistant materials. 

External corrosion problems are dis- 
cussed briefly with particular attention 
being paid buried surface lines and 
well casing. 4.6.12 


shorter for probes than for coupons, the 
probe data often permit detection 
changes the corrosion rate which 
cannot found with conventional cou- 
pon tests. For example, opening 
injection line with resultant oxygen con- 
tamination may increase the corrosion 
rate for that day value several 
times the normal corrosion rate. Daily 
readings corrosion probe should 
reflect this change. two-week ex- 
posure corrosion coupons may indi- 
cate slightly higher average corrosion 
rate for the two-week period but the 
reason for the increase not readily 
detected. 

Bacteria tests are important for corro- 
sion evaluation principally because 
the frequent contamination flood 
waters with hydrogen sulfide producing 
bacteria. The most common, course, 
the sulfate reducer and inhibition 
this type bacteria justified from 
corrosion viewpoint. 

Membrane filter analyses are excel- 
lent means obtaining quantitative esti- 
mates the amount corrosion products 
present the injection water. 

The most accurate methods available 
for evaluating corrosion problems con- 
sist reviewing the corrosion history 
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Figure 3—Internal corrosion accelerated by bacteria 
activity (inside view). 


Figure corrosion accelerated bacteria 
acitvity (outside view). 
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Figure 5—Reduction corrosion coupon rates and iron content with inhibitor treatment. 


and examining existing equipment. They 
are not, however, the best methods be- 
cause they obviously depend upon hind- 
sight. The four other methods detect- 
ing predicting corrosion rates are 
extremely valuable because they can 
applied and their results evaluated dur- 
ing pilot flood operations. 


Princtpal Causes Internal Corrosion 
Hydrogen sulfide, oxygen and carbon 
dioxide are the three 
sive agents flood waters. Hydrogen 
sulfide corrosion the worst 
three. However, combination 
drogen sulfide and oxygen probably 
creates the most corrosive environment 
found normal water flood operations. 
Hydrogen sulfide corrosion greatly 
tion iron sulfide the pipe walls. 
The iron sulfide-iron galvanic cell thus 
created may result extremely high 
pitting. Under these conditions com- 
plete penetration pipe walls within 
few months time is common. Corrosion 
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rate the pits may several hundred 
mpy while the average rate over the 
entire surface the pipe may less 
new thick injection string which 
failed 3.5 months because sulfide 
pitting attack.’ 

Sulfide pitting-type corrosion usually 
can detected visual examination 
exposed corrosion coupons. Average 
weight loss pitted coupon may 
nominal report the average mpy 
may not reveal the pitting. Visual ex- 
amination and report the appear- 
ance of the coupons is very important 
shows metal-to-metal chrome plated 
pump plunger which was badly pitted 
days water containing only 1.0 
per liter hydrogen 

Corrosion probes have much smaller 
exposed area than coupons; there- 
fore, the detection pitting-type corro- 
sion even more difficult with the 
system will start the probe 
element thereby giving 
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high corrosion rate with early failure 
the probe. However, this does not 
occur frequently enough for one de- 
pend upon for detection pitting- 
type corrosion. 

All the above statements concern- 
ing hydrogen sulfide attack refer sul- 
fide which present the 
water. These same conditions can 


duplicated bacterial activity 


water system, One the most common 
evidences this the appearance 


black iron sulfide the waters 


the pipe walls system where 


hydrogen sulfide iron sulfide found 


the source waters. The iron which 
combines 
sulfide may supplied ferrous iron 
from the water metallic iron from 
the internal pipe walls. either case, 
the presence the iron sulfide 
the familiar galvanic cell with resultant 
pitting and accelerated corrosion rates. 
Figures and show inside and outside 
views pit-type corrosion which prob- 
ably was accelerated bacteria-produced 
hydrogen 

possible that sulfate reducing 
bacteria also play the role depolar- 
izer accelerating corrosion, The cor- 
rosion process normally retarded 
formation hydrogen layer the 
cathode. Since sulfate reducing bacteria 
have the capacity use free hydrogen 
their biological process producing 
hydrogen sulfide, possible that they 
remove the hydrogen film 
cathode thereby permitting accelerated 
corrosion depolarization. 

Sulfate reducing bacteria live 
abundance over much the earth. They 
thrive areas low oxygen content; 
however, they are facultative and can 
exist oxygen environment. Sulfate 
reducing bacteria have been found 
tubercles pipe walls and water mains 
which transport fresh water carrying 
high dissolved oxygen The 
tubercles are formed initially oxygen 
corrosion the pipe but oxygen 
consumed within the tubercle the en- 
vironment becomes 
permitting rapid growth sulfate re- 
ducers. Corrosion, having been started 
dissolved oxygen, can continue under 
the tubercle means sulfide attack. 

Dissolved oxygen flood water 
usually produces type corrosion 
which more general nature with 
much less pitting than found the 
sulfide-type corrosion. The dissolved 
oxygen acts strong depolarizer 
removing hydrogen from the cathode 
thereby enabling the corrosion process 
continue. 

The action carbon dioxide 
corrosion process that formation 
carbonic acid which somewhat corro- 
sive the salt water environment. 
does not create problem nearly 
severe the one created the pres- 
ence sulfide and/or oxygen. 


Methods Controlling Internal Corrosion 

Control corrosion caused 
ural hydrogen sulfide will considered 
first. some cases 
corrosion can controlled simple 
addition inhibitor the water. 
Figure shows reduction corrosion 
coupon rates and reduction the iron 
Correlation iron content values with 
corrosion rates were unusually good 
this particular flood. Such treatment 
usually less successful there ap- 
preciable build-up organic slime 
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Figure 6—Corrosion inhibitor comparison. 


TABLE Comparison Effectiveness Five Bactericides for One Specific 
Flood Water* 


Chemical PPM ** | Mills/Bbl Aerobes Sulfate Reducers 
None. —0— | 1700 TNTC*** in2 days 
12.0 1.54 27 None found 
17. 1.15 410 None found 
5 1.54 2 None found 
77 77 1 in 5 days 
1.15 11 1 in 16 days 
1.54 15 None found 
77 900 TNTC in days 
1.15 850 TNTC in 3 days 
1.54 520 None found 
22.5 1.15 110 TNTC in 3 days 


* Bacteria tests by Dr. C. C. Knoblock. 


** Concentrations were selected on an equivalent cost basis. 


*** TNTC = Too numerous to count. 


mineral scale the pipe walls. Foreign 
material clinging the pipe walls per- 
mits deposition sulfide which 
may create the serious galvanic cell ac- 
Effectiveness inhibitor treatment 
usually influenced the ability 
the inhibitor keep the internal sur- 
faces clean. Inhibitor treatment prob- 
ably will unsuccessful dissolved 
oxygen present with the sulfide 
second water containing dissolved iron 
added the The depolarizing 
effect the oxygen 
control extremely difficult and addition 
ferrous iron causes precipitation 
iron sulfide which sets the galvanic 
cell action. 

inhibitor will not provide satis- 
factory corrosion control, aeration should 
used remove the hydrogen sulfide. 
aerators are preferred 
they provide means regulat- 
ing the amount aeration. The blower 
intake can throttled cut down 


aeration by-pass line can installed 
around the aerator and the amount 
aeration can thus controlled vary- 
ing the amount by-pass water. 

During aeration much the hydrogen 
sulfide driven off free 
sulfide gas. essential that retention 
time pond provided permit 
reaction most the remaining sulfide 
with the entrained oxygen. Water from 
settling pond should filtered and 
probably should treated with cor- 
rosion inhibitor, 

Figure shows comparison two 
inhibitors system using aerated 
sulfide water. Inhibitor “B” the most 
effective this case but least one 
other comparison another flood 
showed inhibitor “A” the most 
effective 

iron sulfide deposition result 
bacterial activity, the total amount 
sulfide formed may much less than 
that found systems with high natural 


Figure 7—Valve spring retainers in service for 14 


months in salt water containing 7 mg/liter of oxygen. 


Figure 8—Triplex working barrel in service two 


in fresh water containing 3 mg/liter of 
oxygen. 


years 


hydrogen-sulfide content. Nevertheless, 
the iron sulfide thus formed may 
enough cause considerable corrosion 
unprotected system, 

part routine testing flood waters. 
Appearance significant quantities 
hydrogen sulfide 
should serve immediate warning 
and treatment should started anytime 
thereafter that significant iron sulfide 
deposition found the system. 

Treatment for bacteria control can 
effected with either straight bactericide 
with combination corrosion inhibitor 
cheapest the bactericides; however, 
has limited application 
tends oxidize ferrous iron the 
insoluble ferric iron and has corro- 
sion inhibition qualities. There some 
evidence that sulfate reducers may build 
tolerance for chlorine when the 
chemical applied continuously. 

The organic bactericides seem have 
even less universal application than 
the corrosion inhibitors. Laboratory 
determinations should made for each 
specific application order select the 
most economical chemical. Such deter- 
minations also should provide some esti- 
mate the starting concentration which 
should used. Table shows results 
laboratory comparison bactericides 
for one specific flood water.’ Additional 
tests have shown different degrees 
effectiveness other flood waters. 

Many combination bactericides and 
corrosion inhibitors fall price range 
1.5 mills per barrel water 
treated. Chlorine sometimes will provide 
control cost less than 1.0 mill 
per barrel water. 
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Figure 9—Reduction of corrosion coupon rates with inhibitor treatment. 


Corrosion which accelerated dis- 
solved oxygen contamination 
retarded one more three meth- 
ods: (1) mechanical elimination the 
oxygen contamination, (2) chemical re- 
moval the oxygen addition re- 
ducing agent, and (3) corrosion inhibitor 
treatment. The first method usually 
the best and cheapest applies 

are perhaps one the most common 
sources oxygen contamination. 
the gunbarrel has appreciable 
the vapor space, the open end the 
siphon line should tied-in the top 
the gunbarrel. Use gas instead 
air siphon breaker will solve the 
oxygen contamination the transfer 
water tank without extending the 
discharge line point below the mini- 
mum water level the tank. 

Oxygen contamination which occurs 
tanks can prevented installation 
applying oil seal the water surface. 
Flumes gas bleed-off valves may 
used prevent rolling tanks, thereby 
reducing oxygen contamination. 

Excessive drawdown the fluid col- 
umn water supply well can cause 
heavy oxygen contamination and serious 
tem. 

The foregoing types oxygen con- 
tamination usually are easy correct. 
The correction relatively inexpensive 
because involves one-time mechan- 
ical change. 

When surface waters are used, the 
problem not one preventing con- 
tact the water with air but one 
removing combating the 
existing oxygen. Chemical 
oxygen may justified, 
the water brine and the oxygen 
content high. Chemical cost for elimi- 
nation oxygen from water treat- 
ment with sulfur dioxide gas will 
about mill per barrel for each 
per liter Sodium sulfite 
also can used for oxygen removal. 
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Figure shows severe oxygen corro- 
sion two valve-spring retainers from 
triplex pump. Pump was 
per liter dissolved oxygen with ap- 
proximately 60,000 per liter dis- 
solved solids.’ 


Some fresh waters with high dissolved 
oxygen content can 
factorily with corrosion inhibitor treat- 
ment. Successful inhibitor treatment be- 
comes more difficult with increased 
mineral content. 

Figure shows attack oxygen 
which was badly pitted after two years 
Fresh water which contained 
per liter oxygen was used.’ 


When corrosion encountered 
brine containing carbon dioxide but 
oxygen hydrogen sulfide, the corro- 
sion rate usually can reduced 
satisfactory value simple inhibitor 
treatment. 

Figure shows results inhibitor 
treatment brine containing about 
100 per liter carbon dioxide and 
125,000 per liter dissolved solids.’ 
The uninhibited corrosion rate 10.4 
mpy was reduced less than 0.5 mpy. 
This excellent reduction was obtained 
with only ppm inhibitor low 
cost 0.4 mill per barrel water. This 
unusual success should not consid- 
ered typical for water floods. Nor- 
mal inhibitor costs are 1.0 mill per 
barrel more. 

Two additional methods combating 
the foregoing types internal 
corrosion are use corrosion resistant 
materials and cathodic protection. Alum- 
inum bronze impellers enclosed cast 
iron cases centrifugal pumps usually 
give good service. The cast iron anodic 
the bronze but has much larger 
surface area than that 
the combination often satisfactory. 
meter parts, Monel sheathing 
electrical lines submersible pumps, 
cement lined pipe and fittings, plastic 
coatings, and porcelain 
pump plungers are common examples 


Figure 10—Cement-lined injection surface line in 
service eight years. 


the use corrosion resistant materials 
water floods. 


Cathodic protection can used 
retard internal corrosion steel vessels 
such filter shells, heater-treaters 
ter knockouts, water reserve tani 
the internal surfaces stock 
toms. Rectifiers sacrifical anodes can 
used depending upon the economics 
the particular application. Current 
densities about milliamperes per 
square foot should used. 


External Corrosion Problems 


Buried Surface Lines 


Detection corrosion attack exist- 
ing buried water injection oil gather 
ing lines may accomplished 
examination various places along 
the line and also the use corro- 
sion survey instruments. lines are 
laid undeveloped area, pre- 
diction the corrosion rates must 
based entirely the instrument survey. 

Pipe-to-soil potentials, surface poten- 
tials and soil resistivities are the most 
useful instrument determinations for de- 
existing line. 

hot-spot cathodic protection 
applied existing, uncoated lines, 
the leak history should examined for 
determination locations the obvious 
hot-spots. Surface-potential profiles and 
soil resistivity readings should ob- 
tained determine the location addi- 
tional hot-spots. 

Magnesium anode installations usually 
are the most practical means applying 
hot-spot cathodic protection existing 
water flood lines. Rectifiers can used 
economically the plant areas. Magne- 
sium anode installations the injection 
lines water flood 1956 reduced 
the leak incidence from more than 
leaks per day less than leaks per 
month. Figure shows piece 
inch cement-lined pipe which failed 

resistivity measurements should 
made along the 
way for new lines. These data should 
used determine, before the line 
laid, the need for coating and/or ca- 
thodic protection. 

When applying coatings pipe for 
water flood use, consideration should 
given the relatively short life 
the system. Large oil products lines may 
have expected life over years 
whereas the average life for water 
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flood may close years. Coating 
requirements for water flood piping 
obviously are much less than those for 
the large pipe lines. Cathodic protection 
should always used supplement 
when external coatings are applied. 


Well Casing Tubing 

Corrosion the external surface 
the outside string pipe either 
retarded applying cathodic protection. 
Either magnesium anodes rectifiers 
can used. Cost may the range 
$15 $35 per well per year.* 

the annulus well. corrosion the 
annulus becomes problem, inhibitor 
treatment some other form chem- 
ical treatment should used. 

Figure shows external corrosion 
attack piece 2-inch tubing. Con- 
siderable fluctuation the fluid level 
the annulus caused alternate exposure 
section the pipe air and 
water. Corrosion was controlled in- 
troducing column inhibited oil into 
the annular space. 


Conclusions 
pilot flood period should used 
whether open closed 
system should used and 
determine the most effective and eco- 
nomical type water treatment. 

All available methods detecting and 
predicting corrosion rates 
used extensively during the pilot flood 
period. 


CORROSION PROBLEMS WATER FLOODING 


The combination hydrogen sulfide 
and oxygen contamination probably 
creates the most corrosive environment 
water flooding operations. Prevention 
the resultant iron sulfide precipitation 
removal the iron sulfide does 
precipitate will greatly aid corrosion 

Sulfate reducing bacteria can seri- 
ous contributors corrosion and their 
control advisable. 

Mechanical 
use corrosion resistant materials and 
cathodic protection may cheaper and 
more effective than chemical treatment 
some cases reducing corrosion 
rates. However, treatment with corro- 
sion inhibitors and bactericides are wise 
investments for many operators. 

Where needed, conventional pipe line 
methods coating and cathodic pro- 
tection lines should used con- 
trol external corrosion. The expected 
life the project important factor 
determining the amount money 
which should spent for this type 
corrosion control, 

External corrosion casing either 
input oil wells can reduced 
modern cathodic protection methods. 

Use corrosion resistant linings and/ 
corrosion inhibitors are 
help control internal corrosion 
casing tubing. 
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This flow chart showing how the Unicor Automatic Injection System works for you. 


Question: How can eliminate serious filter 
fouling blending tank caused formation 
highly peptized iron rust during processing? 


Answer: UOP’s Unicor corrosion inhibitor 
solved this problem for large southern refiner 
not long ago. Before Unicor application, 
yard-square panel the tank interior was 
sandblasted down bare metal test Unicor’s 
effectiveness. After several months injection 
the rundown line, this test panel was com- 
pletely free corrosion, the remainder tank 
interior was free filter-fouling rust. 


Question: addition water necessary? 


Answer: No. Unicor oil soluble. also pre- 
vents rusting caused unavoidably entrained 
dissolved moisture. 


for testing your own laboratories. 


Question: Should Unicor injected only the 
rundown line? 


Answer: Unicor can injected any point 
your process. The refiner mentioned above 
shifted the Unicor injection point from the 
rundown line his crude fractionator over- 
head and catalytic gasoline from the main 
column overhead receiver. This extended 
Unicor’s protection heat exchangers, con- 
densers and towers between new injection points 
and blending tank. Unicor inhibits corrosion 
all your processing equipment from the point 
injection even consumer equipment. 


Question: How much does Unicor cost? 


Answer: About $0.001 tenth cent 
per bbl. product normal application. 
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ACTIVITIES 


Mounting External Casing Failures Worry T-1H 


ELECTROLYSIS COMMITTEE Southern California members who attended meeting the 

committee January are shown. This committee recently affiliated with T-7 organization. 

Organized 1925, regular were held, except during World War Irwin Dietze, City 

Los Angeles has been chairman since its reorganization January 1947. Meetings are held 

bimonthly the Water and Power Building, Los Angeles. has members and the job 
secretary rotated annually. 


Activities Initiated 
Technical Committees 


During the months ending Feb- 
ruary eighty-four new activities 
NACE’s technical committees were ini- 
tiated. Committee membership now ex- 
ceeds 1300 and the tendency groups 
meet more often than once yearly 
has accelerated. Numerous committee 
meetings were held regional and sec- 
tional levels and there every indica- 
tion that meetings these levels will 
more frequent the future. 

During calendar 1957 twenty-five tech- 
nical committee reports were published 
conductance buried pipe lines 
effect hot hydrogen sulfide metals. 
Nearly quarter million copies 
technical committee reports were put 
circulation. 

the report the Technical Prac- 
tices Committee the NACE 
dent, summary the work the 
various technical committees 
sented. These reports indicate that most 
the subdivisions are actively work 
useful projects and that results 
their work soon will available for 
publication. some instances, the sub- 
divisions indicate intention con- 
sions, feeling that these are productive 
results sufficient more than justify 
the committees’ existence. least 
one case committee believes its forum 
the only convenient place where users 
and suppliers may meet and discuss 
their joint problems. 


Soft Pedal Paper Work 


most committees effort made 


reduce the time devoted adminis- 
trative matters meetings the bar- 
est minimum that more opportunity 
for profitable discussion provided. 
This tendency has produced widespread, 
not readily assessable, benefits 
participants. noteworthy that 
discussion sessions, non-member partici- 
pants frequently equal and sometimes 
exceed numbers the committee mem- 

Some the more recently organized 
task groups are engaged activities 
designed outline problems under con- 
sideration. After this preliminary has 
been accomplished, they will select 
objective and work toward report 


New Groups Formed 

Two new group committees were or- 
ganized during the year. There are T-8, 
Refining Industry Corrosion 
Deterioration. T-8 
was organized the 1957 annual con- 
ference and T-9 during meeting with 
the Sea Horse Institute June, 1957. 


(Continued Page 72) 


Turn 


PAGE 
for Report and photo- 


graphs technical com- 
mittee activities San 
Francisco. 


Cathodic Protection 
Proving Helpful 
Limiting Damage 


External casing failures were dis- 
cussed Unit Committee T-1H, 
String Casing Corrosion, its meeting 
October 1957, Oklahoma City, 
Oklahoma. 

member said while failures were 
not widespread the West Texas-New 
Mexico Area, they appear increas- 
ing. Only fields with known external 
failures were discussed. 

Severest external corrosion reported 
was along the Howard-Borden County 
Line. Failures have occurred opposite 
the San Andres formation depth 
4700 feet. Cathodic protection being 
applied from installations 
five operators. Current requirements 
have been determined both surfac 
and subsurface methods and average 
amperes per well. Three operators re- 
ported failures the Sprayberry Trend 
opposite the San Andres formation. 


Over 200 Wells Protected 

One operator protecting 220 wells 
the Midland Farms Field with mag- 
nesium anodes. Subsurface potential pro- 
files indicate protection depth 
4000 feet. 

One operator reported casing fail- 
ures 380 feet the Pembrook Field. 

Danger external corrosion wells 
with casing set through San Andres for- 
mation was reported. The full extent 
severity may not evident this time, 
because large percentage these 
wells are less than years old. 

Another member discussed the eco- 
nomics protecting wells the East 
Texas Field from external corrosion. 
Based performance curves wells 
the East Texas Field, cathodic pro- 
tection must extend the life the cas- 
ing years economical. Initial 
cathodic protection installation costs 
from $250 $350 per well with power 
cost ranging from few cents $3.00 
per month. Two amperes current 
usually adequate protect the wells. 
Difficulty has been experienced with 
breaks the ground connection at- 
tached the braden head. Good agree- 
rent has been found between surface 
and subsurface methods determining 
current requirements the Fast Texas 


Field. 


e 


Survey Under Way 

member reported survey ex- 
ternal casing corrosion under way 
the West Coast. The survey covers 
percent the wells Data 
available indicate the average casing 
repair job costs $3200 and the average 
cost for cathodic protection $1000 
per well. 

anticipated that external failures 
will occur 200 wells per year. 
discussed the wide discrepancies be- 

(Continued Page 72) 
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Backensto Fenner 


CORROSION—NATIONAL 


ASSOCIATION 


Stewart Sudrabin 


Activities— 
(Continued From Page 71) 


Numerous task groups 
formed throughout the committee struc- 
ture. Some task groups have terminated 
their activities. The gain task groups 
was 82. 

The growth T-7 Corrosion Co- 
ordinating Committee continues 
rapid rate. far local corrosion 
mitigation groups have affiliated, and 
there are indications that other groups 
may soon join. The committee 
ing organizing groups 
where cooperative local organization 
presently exists. 


Cooperation With Others 

Cooperation with other technical or- 
ganizations continues about the same 
rate previous years. This involves 
liaison one kind another between 
NACE technical units and other groups 
the extent mutual exchange 
reports some instances and others 
verbal reports. 


Cooperation continues with units 
ASTM. Steel Structures Painting Coun- 
cil, Corrosion Committee the Federa- 
tion Paint and Varnish Production 
Clubs, Construction Specifications In- 
stitute, National Association Fan 
API Division Refin- 
ing, Subcommittee Corrosion, API 
Panel Cooling Water, ASTM Com- 
mittee D-19 Industrial Water; A-10, 
Sub Methods Corrosion Test- 
ing, Society the Plastics Industry, 
Tanker Corrosion Committee, 
Chlorine Institute and American Weld- 
ing Society. 


Mounting External— 
(Continued From Page 71) 


tween current requirements the Mid- 
Continent and West Coast. 
gested the possibility comparing cur- 
rent densities the different areas. 
Several members agreed prepare data 
meeting. 


#95 


COAT 


SYSTE 


for Superior Corrosion Control 


CORROSION REPORT 
Material 


Acid 
Alkali 
Solvent 


BISONITE “957” 
Resistance 


Excellent Good Poor 


prevent Corrosion and Contamination 


Food Products 


Salts 


Heavy Chemicals 
Oils and Greases 


Beverages 
Hot Water 
Solvents 


thermally cured coating that resists acids, solvents and alkalis 


Permanent adhesion. 


Withstands 72% caustic 130°C. 
for prolonged periods. 


Strong © Tough Flexible. 

Glazed glasslike surface. 

© Greater thickness in fewer coats. 
Reduces cost. 

NEW Advance the field 
applied coatings. 

© Applied by qualified applicators 
across the nation. 


Solves many problems of chemical corrosion. For lining tanks, 
tank cars, pipes, food containers, storage bins, fans, ducts, 
hoods, etc. at moderate cost. Made by a company specializing 
in corrosion resistant coatings. Not a side line. BISONITE 
products in many cases have corrected conditions when other 
coatings have failed. Write for descriptive literature. Our 
nearest approved applicator will be glad to give your coating 
problems immediate attention. 


BISONITE COMPANY, Inc. 


2242 Military Road 
Buffalo 17, N.Y. 


CORROSION ENGINEERS 


Vandelinder Werner 


Officers Are Named 
Four Groups for 
Current Year's Work 


Two reappointments and two changes 
officers group committees have 
been made. Reappointed were: 
Stewart, chairman T-2; Vande- 
linder, chairman T-6; appointed, 
Backensto, chairman T-8 
Daniel Werner, vice-chairman T-4. 
man T-2 and Fenner vice- 
chairman T-6. 

Stewart, Sun Pipe Line Com- 
pany, Beaumont, Texas has been reap- 
pointed chairman Technical Group 
Committee T-2 Pipe Line Corrosion 
continue work the T-2 Minimum 
Requirements for Protection Buried 
Pipe Lines. The committee expects 
complete this report this year. 


Werner Elected 


Daniel Werner, American 
phone and Telegraph Company, Kansas 
City has been appointed chairman 
Group Committee T-4 succeeding 
Dietze, chairman for the last two years. 

election for vice-chairman T-4 
will held soon letter ballot. 

Van Delinder, Union Carbide 
Chemicals Company, South Charleston, 
West Virginia, has been reappointed 
chairman Technical Group Commit- 
tee T-6 Protective Coatings. Mr. 
Van Delinder was appointed chairman 
last year succeeding Whiteneck. 

Fenner, Monsanto Chemical 
Company, St. Louis, Missouri, continues 
vice-chairman T-6. 


Backensto Heads T-8 


Backensto, Socony Mobil Oil 
been appointed chairman Technical 
Group Committee T-8 Refining In- 
dustry Corrosion. succeeds 
Holmberg who has been temporary 
chairman since the committee 
ganized January, 1957. Mr. Backen- 
sto, member NACE since 1955, has 
been very active NACE affairs. 

vice-chairman for T-8 will 
elected letter ballot soon. 


Persons interested affili- 
ating with NACE technical 
committee are urged 
write Central Office indi- 
cating the industry which 
interested. 
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SPECTATORS LOOK OVER the exhibits the display Niagara Frontier Section the Buffalo 

Science Fair, February 18-20. high order interest corrosion was shown visitors, 

according Caldwell. Many were surprised learn how extensively corrosion control 
full time occupation for engineers industry. 


Chairmen Are Named 
For Teche 
June Short Course 


Six chairmen manage activities 
the coming June 4-6 Corrosion Short 
Course Lafayette, La. were named 
the February meeting Teche 
Section. Named Section Chairman 
Suchanek were: 

John Stone, Sunray Mid-Contin- 
ent Oil Co., director and chairman 
planning and program 

Shofner, chairman registration 
committee. 

Phil Brock, Dowell, Inc., chairman 
housing and meals committee. 

Lee DeRouen, Unim Oil Gas 
Corp. La., Lake Charles, La. chairman 
speakers’ committee. 

John Selleck, Nocor Chemical Co., 
Lafayette, La. chairman 
committee. 

Albert Prats, chairman enter- 
tainment committee. 

The course, held cooperation 
with Southwestern Louisiana Institute, 
the second sponsored the 
section. 

Sixteen members and guests at- 
tended the February meeting hear 
Wayne Johnson, Corrosion Rectify- 
ing Co. speak Magnesium 
Anodes Cathodic Protection.” 

Fincher, Tidewater Oil Co., 
Houston spoke the March meeting 
“Recent Development High-Pres- 
sure Condensate Well Corrosion Con- 

Stewart, Sun Pipe Line Co., 
Beaumont will address the opening 
meeting the Teche Section corrosion 
Control Short Course held 
Lafayette, La. June 4-6. 


TWO EXHIBITIONS 
BEING ORGANIZED 


Two exhibits are being arranged 
now NACE. Huff, ex- 
hibits manager Central Office 
said that floor plans and contracts 
have been mailed prospective 
exhibitors the South Central 


Region exhibition Hotel Roose- 
velt, New Orleans October 21-23. 


The 15th Annual Exhibition will 
held concurrently with the con- 
ference Sherman Hotel, Chi- 
cago March 17-19. Brochures and 
contracts for the Chicago exhibi- 
tion will mailed May. 

Firms interested either 
both these exhibitions may get 
all the necessary information 
writing Mr. Huff NACE 
Central Office. 


Germanium Topic 
Boston Joint Meeting 


behavior germanium 
surfaces oxidizing media influenced 
surface treatment, crystallographic 
orientation and concentration mobile 
carriers was discussed joint meet- 
ing NACE Boston Section and the 
Electrochemical Society local 
organization. The March dinner meet- 
ing was attended whom 
were NACE members and some mem- 
bers both organizations. 

Harry Gatos, Group Leader 
Lincoln Laboratory Solid State Chem- 
istry and Metallurgy, was the technical 
speaker. Principal media covered his 
discussion were water containing dis- 
sovled oxygen: and solutions HNO; 
varying amounts HNO, and 
HF. 


Aluminum Alloys 
Topic Chicago 


“Aluminum Alloys New Chemical 
Process Industry Applications,” and 
film showing welding aluminum were 
presented the Chicago Section March 
meeting. Flournoy, Reynolds 
Metals Co., Louisville, Ky. was the 
speaker. 

Mr. Flournoy described advantages 
using aluminum low temperature 
service, —420 Use aluminum 
large water tanks 200,000 300,000 
gallons capacity was explained. Other 
uses described were extruded duplex 
tubing; welding tubing too large 
extruded; and use welded pipe 
the legs aluminum offshore drilling 
derricks Lake Maracaibo. Derricks 
are 100 120 feet high and weigh 
about tons each. 

Aluminum welded pipe has been pro- 
posed for use water ducts and pen- 
stocks seven feet diameter. 
Tapered plate can rolled lengths 
feet feet wide and its use 
provides about percent savings 
Advantages aluminum jacketing for 
covering pipe insulation and its use 
catwalks, railings and ladders was de- 
scribed. 

New combinations aluminum and 
plastics were given. Plastic pipe fittings 
can used aluminum piping systems 
and proposed combination uses alum- 
inum and plastic appears promising, 
according Mr. Flournoy. Aluminum 
pipe with PVC internal lining the 
developmental stage and promises 
give excellent corrosion resistance, mod- 
erate strength and low cost. 

One proposed low temperature use 
aluminum was construction tanks 
for tank ship transportation liquefied 
methane and natural gas. Tanks would 
insulated for cooling —259 

Uses aluminum handling anhy- 
drous ammonia, hydrogen peroxide were 
given. Distilled, demineralized and con- 
densate water and resistance corro- 
sive action chemicals for treating 
boiler feedwaters were discussed. 

Fifty-four members and guests at- 
teded the meeting. Preceding the tech- 
nical session, Kalhauge, Standard 
Oil Co., Indiana, conducted brief 
business session. Ivan Acosta, Crane 
Co., introduced the speaker. 


Pratt Whitney Plant 
East Hartford Toured 


Southern New England Section 
bers planned tour the Pratt 
Whitney Aircraft plant, East Hartford, 
Conn. addition their technical pro- 
gram for their April meeting. The 
afternoon tour was scheduled 
cede the dinner meeting the Bond 
Hotel, Hartford. 

Ralph Moeller, Pratt Whitney 
Div., United Aircraft Corp. 
was the speaker “Trends Surface 
Protection Metals.” 
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Clayton Rand 
New Orleans Speaker 


Clayton Rand, editor the Dixie 
Guide, Gulfport, Miss. author and na- 
tionally-known after- 
dinner 
talk the 1958 
South Central Re- 
gion Conference 
New Orleans Octo- 
ber 20-24. Mr. Rand, 
with 
ground newspaper 
work 
speaking rated 
many one the 
leading afterdinner 
speakers the na- 
tion. 

graduate Harvard and Mississippi 
State College, has practiced law 
Mississippi, published country weekly 
since 1919, national 


Rand 


EXHIBITORS’ CONTRACTS 
MAILED 


Exhibitors’ contracts for the Octo- 
ber 21-23 exhibit held during 
the South Central Region Confer- 
ence Roosevelt Hotel, New Or- 
leans have been mailed. The con- 
tracts, floor plans and explanatory 
letters were sent 439 companies 
which are prospective exhibitors. 
Additional copies the literature 
are available request from Cen- 
tral Office, NACE companies 
individuals interested the show. 
The exhibit expected attract 
representative group engineers 
interested corrosion control, espe- 
cially the petroleum, natural gas 
and petrochemical fields. 


editorial awards, authored several books 
and author daily syndicated 


QUALITY 


speaking engagements have been sched- 
uled into 1959. 

Fred O’Rourke, Harvey, La. has re- 
placed Fred McDougall chairman 
the conference. Mr. McDougall was 
transferred from New Orleans. 


Cincinnati Meeting 
Symposia Scheduled 


Seven symposia covering the process 
industries, nuclear energy applications, 
utilities and coatings and including two 
metals are scheduled for the October 
North Central Region meeting 
Cincinnati. Two educational lectures 
also will given. 

The symposia are planned 


lows: 
October 
Corrosion Problems the Process In- 
dustries 
Stress Corrosion Cracking Austenitic 
Stainless Steels 
Educational Lecture: 
Rocket Technology 
October 
Corrosion Problems the Nuclear 
Field 
Protective Coatings, Inorganic 
Corrosion Problems Utilities Indus- 
tries 
Eductional Lecture: Useful Applications 
Corrosion 
October 
Protective Coatings: Organic 
New Metals and Alloys 


Carolinas Section, ACS 
Hold Midwinter Meeting 


Carolinas Section held joint meet- 
ing with the local chapter American 
Chemical Society, feature its 
midwinter meeting Charlotte, C., 
Feb. 12. Norman Hackerman, director 
corrosion research laboratory the 
University Texas gave 
talk “The Mechanics Corrosion 
Inhibition.” Fifteen members and 
were present. 


not quantity, measure”... 


Douglas Jerrold 


While we, like all progressive business organizations, are interested high 
volume, will never sacrifice quailty workmanship materials achieve 


this goal. 


For Mayes Bros. has built 28-year record dependability pipe coating 
and wrapping quality operation. reduce quality even the slightest for 


the sake increased volume could jeopardize seriously our valued reputation and, 


consequently our business well-being. 


Mayes jobs have proved their permanence standing consistently under 


the attacks subsurface corrosion. this way, Mayes jobs have proved them- 


selves jobs real quality. 


MAYES 


BROS. 


HOUSTON, TEXAS 


ENGINEERS Vol. 


NEW WESTERN REGION chairman for 1958, 
Bladholm, Southern California Edison Co., 
Los Angeles, accepts the gavel from Magof- 
fin, California Water and Telephone Co., San 
Marino, the out-going chairman. New region 
officers were installed the January meet- 
ing the Los Angeles Section. White- 
neck, Plicoflex, Inc., Los Angeles, president 
NACE explained the benefits corporate 
membership the group. Three technical talks 
were Barrie Best, Parker Brothers, 
Inc., Los Angeles, spoke “Coating Testing 
Rohrback, Magna Prod- 
ucts, Inc., Santa Springs, Calif. spoke 
“Corrosion Measuring Instruments Based 
the Electrical Resistance Method.” 


Shreveport Barbecue 


Scheduled for June 


Shreveport Section will hold its an- 
nual barbecue, June Details have not 
been announced. 

the April meeting, Lewis 
Adams, Republic Steel Corp., 
spoke “Use Plastic Pipe 
Lines the Future,” was shown also. 
The meeting was held Caddo Hotel 
Coffee shop. 


Sixty persons among the 135 regis- 
tered for the Shreveport Section corro- 
sion control Short course held February 
Centenary College attended 
for the first time. The course covered 
all phases underground corrosion and 
its mitigation, oriented for field person- 
nel and management. There were ten 
lecturers. 

Section members 
course highly successful because the 
large attendance. Olive, Arkansas 
Fuel Oil Corp. was general chairman. 

All meetings Shreveport Section 
now are held the Caddo Hotel 
the first Tuesday monthly. 


The use coated magnesium anodes 
the water side coolers and con- 
densers gasoline plants was discussed 
Olive, Arkansas Fuel Oil Corp., 
Shreveport the March meeting 
Shreveport Section. Mr. Olive’s talk was 
titled “Cathodic Protection Gasoline 
Plant Process Equipment.” 

change was made section officers. 
Naremore, Arkansas Fuel Oil 
Corp., formerly treasurer now secre- 
tary. Grady Howell, Tube-Kote, Inc., 
formerly secretary, now treasurer. 


average four six short courses 
corrosion control are held the 
United States yearly with cooperation 
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Wachter Represent 
NACE Frankfurt 


Aaron Wachter, head the Corrosion 
Department Shell Development Co., 
Emeryville, Cal. 
formerly president 
NACE has been 
named official repre- 
sentative the as- 
sociation the Con- 
the Euro- 
pean Federation 
Corrosion, June 1-7 
Frankfurt 
Main, Germany. Dr. 
Wachter, 
long been active 
the board di- Wachter 
rectors, chairman local sections, and 
technical programs, will Europe 
during the time the Frankfurt meet- 
ing. 


Fundamentals Topic 
San Diego Section 


discussion fundamentals cor- 
rosion aimed predominantly non- 
technical audience was enthusiastically 
received the March meeting the 
San Diego Section. 

Armbruster explained the corro- 
sion process layman’s terms first and 
then explained technical engineer- 
ing terms. Starting with the atomic 
theory, terminated his talk ex- 
plaining the generally accepted methods 
corrosion control today. 

suggestion from the floor that the 
paper submitted for printing “Cor- 
rosion” basic corrosion course for 
non-technical members NACE was 
unanimously approved. pointing 
the need for such course, one member 
stated that only percent the San 
Diego Section are technical men and 
that percent have need for basic 
corrosion course. 

The meeting was held 
restaurant, Mesa, Cal. 


Panel New York Talks 
About Zinc-Rich Paint 


discussion panel paints 
was scheduled for the April meeting 
the Metropolitan New York Section. 
Selected the panel were: George 
Ashman, The New Jersey Co.; 
Glen Lacy, The Amercoat Co.; Spencer 
Shepard, The Chemical Construction 
Corp. and Ernest Thulman, Ebasco 
Services, Inc. motion picture zinc- 
rich paints was scheduled precede the 
discussion. Chi-Am Chateau, Westfield, 
the meeting place. 


Lawton’s 


Central Arizona Section 
Installs New Officers 


Installation new officers for 1958 
was the principal event the Central 
Arizona Section’s February meeting. 
Harold Newsom, Rust Proofing, Inc., 
was elected chairman; William Lew- 
ellen, Deer-O-Paints and Chemicals 
Ltd., vice-chairman; and Lee Homrig- 
hausen, Arizona Public Service Co., 
secretary. All live 
meeting was held Rust-Proofing 
Phoenix, Ariz. 


NACE NEWS 


Southwestern Ohio Section 
Elect New Officers 


Election new officers for the South- 
western Ohio Section was scheduled for 
early April. Officers appear the 
letter ballot are Hare, Hare 
Equipment, chairman; Wood, 
Cincinnati Gas Electric Co., vice- 
chairman; Clifford Jones, secretary 
and Caster, treasurer. Nominees 
were approved for the ballot the 
March meeting Cincinnati. 


Nominated for the board directors 
Telephone Co., Indianapolis, Ind.; 
Andres and Stevenson, Dayton 
Power Light Co.; Josephine Williams 
and Lederer, Inner-Tank Lining 


Engineering 
PLUS... 


makes the 


pipeline 
cathodic 
protection 


E.R.P. corrosion engineers check an exposed 


Corp., Cincinnati, Ohio. 

meeting was scheduled for March 
plan for the October North Central 
Region Meeting. Roy Uni- 
versity Cincinnati, co-chairman for 
the region meeting. 

Technical speaker for the March 
meeting was Ralph Madison, Truscon 
Laboratories, Division Devoe-Ray- 
nolds Company, Inc. presented 
illustrated talk outlining laboratory tests 
epoxy resin coatings for metals and 
described newly developed chemical 
resistant epoxy top surface materials for 
concrete floors. 


Maps the miles metal pipe, power 
and communication cables underground 
large metropolitan areas are being 
mapped committees affiliated 
NACE’s T-7 committee. 


leak area. Here they correlate pipe potential 
and line current measurements for electrolysis. 


takes lot know-how protect pipeline from corrosion. 
That’s why corrosion engineers E.R.P. keep abreast the lat- 
est instrumentation. Whether they are protecting old pipeline 
preventing corrosion new line, they use every modern 
method sure each cathodic system effective possible. 

That’s what makes the difference E.R.P. cathodic protec- 
tion: engineering when the cathodic system designed; when it’s 
installed; when periodic corrosion surveys are made check for 


environmental changes. 


you are looking for pipeline protection, E.R.P. ready 
serve you. For full information write for Bulletin E-47.00. 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC. 


MAIN STREET. BELLEVILLE 9.NEW JERSEY 


3 
958, 
Co., 
agof- 
San 
egion 
neet- 
ten 
this 
the 
des 
sed 
me 
Oil 
CATHODIC PROTECTION 
SINCE 
1935 


Houston Section Picnic, 
Golf Tournament Scheduled 


will “plenty food, swimming 
and dancing” the Houston Section 
“NACE Play Day Picnic,” May 
the Texaco Country Club, according 
section program “Blind 
Bogey” golf tournament (open duf- 
fers well skilled gulfers) will 

the April meeting, 110 section 
members and guests heard Raymond 
Seymour, president Loven Chemical 
California speak plastics. Mr. Sey- 
mour pointed out the tremendous 


growth plastics since his association 
with the industry. 

pointed out several cases where 
the use plastics had provided good 


Quoth Sir Galva-Knight: 


ASSOCIATION 


Commercial Galvanizing, Pickling, 
Metallizing, Sandblasting, Prime Coating, 
and/or Painting. 


UNderwood 9-1425 
Houston Texas Box 7398 


solutions corrosion problems. one 
unusual case, plastic lining pipe 
prevented freezing water from breaking 
the pipe. recommended general prac- 
tices which should followed select- 
ing the kind plastic used 
prevent corrosion, and the manner 
which should applied. The meeting 
was held John’s restaurant and was 
preceded dinner and_ fellowship 
hour. 


South Central Region Meets 
Houston, October 1961 


Houston’s Shamrock Hotel has been 
selected the site for the October 
24-27, 1961 meeting South Central 
Region. 


GIVE 
RUST 


START!” 


Give even tiny chink, 
and rust can quickly 
ravage steel structures 
equipment. Only hot-dip gal- 
vanizing can seal every 
nook and cranny, inside and 


out, with armor-tough coat- 
ing zinc, actually alloyed with 
the steel. stop rust before 
starts, specify hot-dip galvanizing 
the Nowery Smith Company, the 
South’s largest commercial galvanizers. 


COMPANY 


8000 Hempstead Highway 


CORROSION ENGINEERS 


Vol. 


SECTION 
CALENDAR 


Shreveport Section. Caddo Hotel. 


Cleveland Section. Speaker: 
Ploederl, Wisconsin Protective 
Coatings Co. 


Chicago Section. Laboratory De- 
velopment Protective Coatings, 
O’Brien, Royston Labora- 
tories; Field Evaluation Indus- 
trial Maintenance Coatings, 
Tator. 

New Orleans Section. Engineers’ 
Club, Soto Hotel, New Orleans. 


Tulsa Section. Mayo Hotel. 


Southwestern Ohio Section, Cincin- 
nati. Refinery Corrosion and Oil 
Additives, 


NATIONAL and REGIONAL 
MEETINGS and 
SHORT COURSES 


Oct. 5-8—Northeast Region, Somerset 
Hotel, Boston, Mass. 


Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 


Oct. 20-24—South Central Region. New 


Orleans, Roosevelt Hotel. 


Nov. 17-19—Western Region. Los 
Angeles, Statler Hotel. 


1959 
March 17-19—15th Annual Conference 


and Exhibition, Sherman Hotel, Chi- 
cago. 


Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


SHORT COURSES 1958 


June 4-6—Teche Section Second Annual 
Short Course Corrosion. South- 
western Louisiana Institute, Lafay- 
ette, La. 


South Central Region Sets 
Meeting Dates Through '62 


Meeting dates through 1962 have been 
scheduled for conferences South Cen- 
tral Region follows: 

1958—New Orleans, October 20-24. 

1959—Denver, Col., October 12-14. 

1960—Tulsa, Olka., dates set. 

Texas, October 24-27. 

1962—San Antonio, Texas, October 


Western Fall 
Meeting Los Angeles 


The annual fall meeting Western 
Region will held November. 17-19 
Los Angeles’ Statler Hotel. 


During 1957 NACE distributed more 
than 226,000 copies its technical com- 
mittee reports. 
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NACE NEWS 


200-hour test proves 


SCOTCHRAP superiority! 


BRAND 


PIPE PROTECTION TAPE 


Each these standard pipe lengths was covered with different 
commercial pipe coating—both tapes and mill-coat- 
ings. All five pipes were then put the barrel shown with 
abrasive-chip tumbling medium and continuously tumbled for 200 
hours. This unretouched photo shows the results: only the pipe 
coating the extreme right survived intact—the pipe wrapped 
Brand Pipe Protection Tape. This photo shows 
clearly and dramatically why gives such superior 
performance resisting abrasion from backfilling and under- 
ground soil stresses. Add this the superior resistance elec- 
trolytic forces...the superior shear adhesion 
the new low prices, and you have the reasons why believe 
Pipe Protection Tape your best total coating buy 
for entire distribution systems. 


“SCOTCHRAP’”’ is a registered trademark of 3M Co., St. Paul 6, Minn. 


Pipe Protection Products 


with 


MAKE QUICK, easy applications 
any size pipes. specially 
formulated polyvinylchloride handy 
tape form. tough, but conformable; 


ACTUAL field use shows why abrasion- 
backfill coarse, rough—could easily 
puncture tear less tough coatings. 


SAVE TIME total system coverage. 
With wide-width and 
Tapester, one man covers 200 
feet pipe less than minutes. 


INSULATE joints, tees, elbows the 
field. Supercomformable 
does quickly. For complete informa- 
demonstration, write: Co., 900 Bush 
Ave., St. Paul Minn., Dept. 
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PERMIAN BASIN SECTION members confer with Rupert Poetker, Sunray Mid-Continent Oil Co. 
(third from left) the March meeting the section. Others are, left right, Booth 
Plastic Applicators, Inc.; Kirk Harding, Gulf Oil Corp. and Roscoe Jarman, Nocor Chemical, Inc. 


SOME INTERESTING INFORMATION holds 
the attention the speaker and four other 
persons the Permian Basin Section April 
meeting. From left right they are: seated, 
Olive, Arkansas Fuel Oil Corp., who spoke 
the group “Cathodic 
Casing and Surface and Paul 
Cameron, Pure Oil Co.; standing, Tony Howard, 
Pure Oil Co.; Bob Naremore, Arkansas Fuel 
Oil Co. and Mike Deodati, Tretolite Co. Forty- 
five persons attended the meeting. the May 
meeting, the will hear John Gan- 
non, the Texas the “Company 
Corrosion School.” The meeting will held 
Midland. 


North Texas Section Learns 
Sweet Oil Does Corrode 


Rado Atlantic Refining Co., 
Dallas left doubt that severe corro- 
sion result from sweet crude 
his talk betore North Texas Section 
March meeting was held 
Fort Worth with members and four 
present. 

the four guests one was Houston 
section member, one has for 
membership and the other two received 
membership application blanks. 


Squeeze Inhibition 
Reduces Corrosion, 


The inhibitor squeeze method has 
duced corrosion control costs several 
installations where was started sev- 
eral months after the use inhibitors 
other methods had begun. Rupert 
Poetker, Sunray Mid-Continent Oil Co., 
Corpus gave this information 
during his talk “Does the Squeeze In- 
hibitor Method Work?” before mem- 
bers and guests Basin 
Section March 11. 

Mr. Poetker also said baked-on plastic 
linings are being 
nigh fluid wells the same fields. 


Etex Section Hears 
Brock Talk 
Squeeze Inhibition 


Inhibitor squeeze gas condensate 
wells was the subject presented the 
East Texas Section its March 
meeting. Phil Brock, Dowell, Inc., the 
speaker said the inhibitor squeeze 
method most economical very high 
pressure wells wells that must pro- 
duced continuously shut only in- 
for treatment. 

advantage the method that 
inhibitor applied where most 
needed, the bottom the hole, 
said. single treatment may effec- 
tive for six months longer, depending 
individual well conditions. The meet- 
ing was held Hotel Longview, Long- 
view, Tex. 

Scheduled for the April meeting was 
talk Kenneth Tator Kenneth 
Associates, the subject, “Cor- 
rosion Preventive Coating Information.” 


Technical Directory Due 


1958 Directory Technical Com- 
mittees will published this 
decision publication 1959 mem- 
bership directory and year book will 
made the NACE board later 
date. 


ENGINEERS 


Central Oklahoma 
Section Learns About 
Conoco Research 


Central Oklahoma Section changed 
its regular meeting date from the sec- 
ond Monday the first Monday 
May the section could meet Ponca 
City. John Sudbury spoke basic 
research, and James Landers field 
research and development. 
principally concerned fundamental and 
applied research currently being carried 
Continental Oil Company’s Cen- 
tral Research Division Ponca City. 
Also planned for the meeting was 
conducted tour Continental’s Gamma 
Ray Radiation Laboratory and Corro- 
sion Research Laboratory. dinner 
the Mark Restaurant was followed 
immediately the technical meeting. 


Scheduled for April Oklahoma 
City was “Soil Box Demonstration” 
minutes with the soil box demon- 
stration the equivalent from three 
four hours intensive class room in- 
struction the fundamentals 
sion. The talk was aimed showing 
supervisory men how the. used 
teach fundamentals corrosion con- 
trol. 
Following decision the March 
section meeting, the mailing list mem- 
bers being revised. roster sec- 
tion members with their addresses was 
mailed April all members. 
turn post card requesting address and 
other information was 
the roster. 


Clair Evans, Phelps Dodge Copper 
Products Corp., New York, Y., died 
December, 1957. had been mem- 
ber NACE since 1948, and that 
time had been working corrosion 
engineer for years, specializing 
corrosion problems condenser tubes, 
public utilities and marine service. 


George Rossney, 65, sales representa- 
tive the protective coatings division 
Pittsburgh Coke Chemical Co., 
died suddenly heart attack, Febru- 
ary 16, 1958. Mr. Rossney had handled 
sales Insul-Mastic Karkote to_ the 
automotive industry the Buffalo, 
area for years, both before 
and after Pittsburgh Coke Chemical 
Co. acquired Insul-Mastic. was as- 
sociated formerly with Cleveland Paint 
Co., Bell Aircraft Corp. and the Ameri- 
can Lubricant Co. survived 
his widow, Hildegard; four sons, War- 
ren G., Glenn A., Earle and George 
and brother, Edward Rossney. 


Roy Riordan, 50, salesman for Plas- 
tic Engineering and Sales Corp., died 
heart attack March 21st. had 
been associated with Pesco for the past 
two years, travelling Arkansas, Loui- 
siana and 


NACE cooperates with numerous other 
engineering and scientific organizations 
all over the world the collection and 
dissemination corrosion in- 
formation. 
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Alamo Section Meets 
Texas University 


Alamo Section scheduled its regular 
onthly meeting for April the 
niversity Texas campus Austin. 
orman Hackerman, the University 
Chemistry Dept. was scheduled 
speak “Recent Experiments 
dinner preceding the 
isiness and technical session was 
anned held nearby restau- 
nt. 
“Oil and Gas Well Corrosion,” film 
with corrosion inhibition was 
heduled for presentation the March 
meeting Alamo Section. 
Dowell Inc, Houston, 
esented the film. 
Central Region’s 1961 Confer- 


ice will held October 24-27 
Shamrock Hotel. 


TECHNICAL 
REPORTS 


CORROSION 
UTILITIES 


T-4B Cell Corrosion Lead Cable 

Sheaths. Third Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Publication No. 56-9. Per 
Copy $.50. 


T-4B-2 Cathodic Protection Cable 
Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 Cathodic Protection. Publication 
56-13. Per Copy $1.00. 
T-4B-3 Tests and Surveys for Lead Sheathed 
Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B Corrosion Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


Cable Corrosion Protec- 

tion Practices in the Utilities In- 
dustry. First Interim Report Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths, Corrosion, Sept. 54 issue. Publica- 
tion 54-3. Per Copy $1.00. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report Technical Unit 
Committee T-4B on Corrosion of Cable 
Sheaths, prepared Task Group T-4B-6 
Stray Current Electrolysis. Publication No. 


57-1. Per Copy $1.00. 

T-4F-1 Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 

Per Copy $.50. 

TP-12 Electrical Grounding Prac- 

tices. Per Copy $.50. 


TP-19 Effects Deicing Salts— 

Progress Report by Technical 
Practices Committee 19. Corrosion, January, 
1954, issue. NACE members $.50; Non-mem- 
bers per copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which 1s less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


NACE NEWS 


NOMINATING COMMITTEE 
REPORT PUBLISHED 


The report the NACE nomi- 
nating committee for national offi- 
cers and directors representing 
active and corporate membership 
will published the June issue 
This publication will 
serve notice the membership 
the recommendations this 
committee prior initiation the 
voting procedure. 


More than thousand NACE members 
and 246 technical advisers are members 
NACE technical committees. 


POSITIONS WANTED 
and 
AVAILABLE 


Active and Junior NACE members and 
seeking employees may run 


witheut charge two consecutive advertise- 
ments annuaily under this heading, not 
over words set point text type. 

Advertisements other specifications will 
charged for $10 columa inch. 


Positions Wanted 


Englishman, years’ experience ma- 
rine, industrial and underground cathodic 
protection field, office supervising, sales 
and consultancy. Age 30. Married. Will 
accept Canada, USA Europe. Corro- 
Box 58-7. 


Five and one-half years’ experience 
cathodic protection and corrosion engi- 
neering work. Desire location South- 
west. Would consider foreign location. 
Reply Box 58-6. 


BETTER FINISHES COATINGS, INC. 


268 Doremus Avenue, Newark New Jersey 


Amazing New 


Positions Available 


Operations Superintendent—Opening 
medium sized natural gas utility Mid- 
west for able graduate engineer 
equivalent supervise construction, 
maintenance, service customer prem- 
ises, appliance installation, metering, 
pressure regulation and planning system 
expansion. Liberal benefits. Salary com- 
mensurate with experience and ability. 
State personal and educational 
cations. CORROSION, Box 


Wanted! Corrosion engineer with paint 
experience sell corrosion barrier coat- 
ings and industrial paints Southern 
Louisiana and Gulf Coast territory from 
Houston New Orleans. Address cor- 
respondence Ainslie Perrault, Presi- 
dent, Allied Paint Mfg. Company, 
Box 1088, Tulsa, Oklahoma. 


Leading Manufacturer complete line 
acid proof cements, acid brick, coatings, 
other specialties corrosive field, re- 
quires aggressive commission repre- 
sentatives. Exclusive franchises, excel- 
lent commissions, established accounts, 
rare opportunity. Franchises open all 
major industrial areas Sales 
steel, chemical, food processing indus- 
tries. Write experience, lines handled, 
territory traveled Box 58-5. 


CORROSION COATINGS SALESMAN 

are interested obtaining the services 
man preferably with sales and service experi- 
ence the anti-corrosion coating field rep- 
resent the greater New York area. Our 
line outstanding Copon coatings offers 
excellent opportunity for the right man. Address 
reply confidence Ray Sommer, giving 
full details including salary desired. Brooklyn 
Paint Varnish Co., Inc. Jay Street, Brook- 
lyn New York. 


Chemists call them urethanes! 
call them amazing! 
They’re the most corrosion- 
resistant coatings and special 
product finishes developed. 


Besides astounding ability 
withstand splash, spillage 
and fumes corrosive chem- 
icals, BFC Urethanes are re- 
markably resistant abra- 
sion, heat, sunlight and 
weather and have excep- 
tional flexibility. Two com- 
ponent system easy use. 


Product specifications, re- 
sistance charts, application 
information and booklet 
“What Every Maintenance 
Man Should Know about 
URETHANE COATINGS” 
sent FREE request. 
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ABOUT NACE STAFF 


NORMAN E. HAMNER—Managing editor and 
advertising manager of CORROSION since 
October 1948, he previously was employed as 
editor and managing editor, and in the adver- 
tising departments of daily and weekly news- 
papers in Texas and Louisiana since 1928 except 
for service in the army. During World War II 
he was an infantry platoon leader in the Nor- 
mandy invasion and presently member 
the army reserve as a staff specialist attached 
to the troop information section of Fourth Army 
headquarters, San Antonio. He attended public 
schools in New Orleans, Tulane University and 
University of Houston. He is married and has 
lived in Houston since 1946 after his return 
from army service. 

JAMES T. LONGINO—Technical editor of 
Corrosion since June, 1955. formerly 
was a reporter on the news staff of the El Paso 
Herald-Post. He has a 1951 BA from Rice 
Institute and an MS in journalism three years 
later from Columbia University. During the 
Korean War he served two years with army 
intelligence. He is interested in short story 
writing, music, English literature and spectator 
sports. 

G. A. ROLAK—Has been employed by NACE 
since October, 1955. He formerly was employed 
in clerical capacities by Houston firms, has an 
AA degree from Lon Morris Junior College 
and presently is attending University of Hous- 
ton. He is a member of the Air Force reserve. 
Ilis principal interests include fishing, education 
and fine arts. 

J. F. VANDER HENST—Employed by NACE 
since January, 1955, he formerly was employed 
the Dickinson Gun Plant, Houston for four 
years and from the time of his discharge from 
the army in 1947 to 1951, worked for a bank. 
Ile attended Rice Institute, majoring in chemi- 
cal engineering. During World War II he spent 
two years in the army including one year with 
the engineering section of the 8th “Army in 
Japan. He is married and has two children. His 
sport bowling. 


Hamner 


TEST SPOOL PARTS 


Nuts Rods Wire Insulators 
Teflon Tape 


& 
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CORROSION TEST SUPPLIES CO. 
Box 4507, Audubon Station 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


ASSOCIATION CORROSION 


Vol. 


Vander Henst Rolak 


Realignment 
NACE Staff Duties 
Announced April 


realignment and assignment 
duties members the NACE Cen- 
tral Office staff has been made effective 
April Hull, new executive secre- 
tary, announcing the changes, said 
“These assignments are made ex- 
pectation that efficient 
tory operation Central Office staff 
will result. Our aim improve our 
services our membership and make 
best use the abilities our staff.” 

While shifting responsibilities and 
work has been extensive most de- 
partments, the changes immediate 
importance were: 

Publications Director—Norman 
Hamner, since October, 1948 managing 
editor and advertising manager Cor- 
ROSION has been given the added duties 
handling most the association’s 
publications. The principal publication 
activities the association, 
abstract publications, yearbook, and 
other miscellaneous publications will 
under his supervision. 

Technical Editor—James Longino, 
who has been editor material pub- 
lished Technical Section 
since June, 1955 will continue handle 
this work. The volume work handled 
Mr. Longino has increased the 


Baton Rouge La. 


Drive Add New 


Corporate Members 
Gains Momentum 


drive add new corporate mem- 
bership the association has reached 
the point where the basic organization 
complete and concentrated work 
under way secure added support for 
NACE. Stewart, Sun Pipe Line 
Co., reported the NACE board 
its March meeting that most the 
persons the sections who will assist 
the program have been named. 

ships aim the association 
that NACE work can expanded 
fields where has been unable func- 


Directories’ Publication 
Schedule Revised 


The following schedule for publication 
directories effective with this 
(May, 1958) issue CORROSION: 


Corporate Member- 


February, May, 
ship Directory 


August, November 


Region and Section 


March, June, 
Officers 


September, December 


Technical Committee January, April, 
Officers July, October 


the intervening months changes 
officers regions and sections will 
published. Changes technical com- 
mittee officers will not published 
intervening months. 


tion because limited finances. Income 
from corporate memberships represents 
substantial portion the NACE total 
revenue. 

Numerous projects that have been 
held abeyance during the years may 
reconsidered substantial increase 
revenue obtained the current 
drive, Solicitation new_ memberships 
mail under way. Cooperation 
drive has been asked President 
Whiteneck and the board directors. 

NACE the program may get full in- 
formation writing Hull, ex- 
ecutive secretary Central Office 
NACE. 


point fully occupied with technical 
editing. 

Technical Committee Secretary—J. 
Vander Henst, who has been handling 
administrative work 
technical committees along with other 
duties, will devote his full time the 
committees. The 
and growing number committees 
makes this virtually full time job for 
one 

Administrative Assistant for Regions 
and Sections—G. Rolak, who started 
working for NACE October, 1955 
the mail department, will handle corre- 
spondence the regions and 
sections and other related work. also 
will have charge the ordering, pro- 
duction and delivery reprint copies 
NACE technical material. 

North Central Region will hold its 1958 
meeting October 15-17 Cincinnati. 
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4287 Abstracts 
Corrosion Arranged 
Subject Matter 


Cross- 
Indexed 


Alphabetical 
Subject Index 


Author Index 


Carefully edited and checked abstracts from some abstracting agencies 
covering the world’s literature corrosion arranged according the NACE 
Abstract Filing System. This volume includes 1945-53 abstracts not received 
time include earlier bibliographies and brings more than 20,000 the 
abstracts published NACE surveys. total 4781 authors are indexed. 


468 


Pages, 
inches, Full Cloth 
Binding. 


Limited Time Offer 
10-YEAR 
INDEX 


CORROSION 


with each copy 
1954-55 Bibliography 


NEW! 1954-55 


BIBLIOGRAPHIC SURVEY 
CORROSION 


NACE MEMBERS 
Buy More Than One Volume 


1952-53 volume, containing 3344 
abstracts, NACE members 


Non- $12.50 


1950-51 volume, containing 4454 
abstracts, NACE members. Foreign remittances should interna- 


(Non-members $12.50) tional postal express money order bank 
draft negotiable the for equiva- 


abstracts, NACE members 


8 charge of $.60 per package for sending volumes 
(Non-members $12.50) by registered book post to addresses outside 
the United States, Canada and Mexico. 


Send Orders and Remittances 


Buy More Than One Volume 
and Save 10% 


1946-1947 volume, containing 3362 
(Non-members $9) 


1945 volume, containing 1086 
abstracts, NACE members 
(Non-members $5) 
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REPORT THE FOURTEENTH ANNUAL CONFERENCE 


San Technical Program Praised 


inhibitor Group Elects, 


Sour Crude Report 
Simmons, Sun Oil Co., and 


Nathan, The Texas Co. have been 
lected chairman and 
pectively Technical Committee T-1K 
Inhibitors for Oil and Gas Wells. 

Mr. Simmons supervisor the 
hemical test section the Production 
service Laboratory, Sun Co., Dal- 
as. The section includes special groups 
vorking corrosion service 
earch, analytical testing special 
including chemical aspects 
recovery. Mr. Simmons ma- 
ored chemistry and biology South- 
‘rn Methodist University and has been 
with Sun since 1940. 

Mr. Nathan, research chemist 
Exploration and Production 
Research division Bellaire, Texas 
where working corrosion in- 
hibition. holds three patents for de- 
velopments this field. grad- 
iate Rice Institute, and received his 
and PhD the University Pitts- 
burgh. 


Sour Crude Report Given 
Committee T-1K held meeting 
San Francisco the NACE 14th An- 
nual Conference. report Task 
Group T-1K-1, Sour Crude Inhibitor 


AMONG THE TECHNICAL Committee 
meetings during the March 17-21 NACE Con- 
ference were: left, top bottom: T-1 meeting, 
Jack Battle, Humble Oil Ref. Co., Houston 
and Cooley, Bethlehem Steel Co., Tulsa; 


T-6A Munger and Richardson, Amer- 
coat Corp., los Angeles; T-1F (at table) 
Vollmer, Gulf Research Development Corp., 
Pittsburg; Cooley and Krebs 
Beaver Falls, Pa.; T-2D, Marshall Parker, Hous- 
ton and Heverly, Lima, Ohio; left, T-3C, 
Seymour, Association American Rail- 
roads; right, T-3G, May, The International 
Nickel Co., Inc., Kure Beach; 

Right, top; T-2H, left, unidentified and right, 
Reynolds, Pacific Gas Electric Co., San 
Francisco; T-2B, microphone, Dorsey, 
Southern California Gas Co., Los Angeles; T-4B, 
Daniel Werner, American Telephone Tele- 
graph Co., Kansas City; T-5B, Foley, 
General Electric Co., Schenectady, Y.; 
Skinner, The International Nickel Co., New 
York; bottom, left, T-3F, Blaser, Babcock 
Wilcox Co., Alliance, Ohio and right, Otto 
Fenner, Monsanto Chemical Co., St. Louis. 


Simmons 


Nathan 


Evaluation was given Roy Stan- 
Humble Oil Refining Co. New 
chairman this Task Group John 
Bruce, Shell Oil Co. Status work 
Task Group T-1K-2 Sweet Crude 
Inhibitor Evaluation was presented 
Simmons. 

Parent Committee working 
high-temperature testing inhibitors. 
this problem Task Group T-1B-1 
High Pressure Well Completion and 
Corrosion Mitigation Procedure. This 
problem will referred committee 
T-1K for Fincher, 
Tidewater Oil Co. will coordinate this 
work under supervision Jack Bar- 
rett, Pan American Petroleum Corp. 


High Temperature Group 


Tentative plans are form 
group for high temperature work under 
direction Mr. Barrett. 

other committee activities, plans 
are submit recommended alternate 
screening tests for sour crude inhibitors, 
then work evaluation tests for both 
sweet and sour crude, along with high 
temperature evaluation tests 
sweet and acid type corrosion. esti- 
mated persons attended the meeting. 


Vigorous Discussion Held 
Railroad Corrosion 


Technical Committee T-3E Rail- 
roads held round table meeting during 
the NACE 14th Annual Conference. 
Chairman Nicholas, The Pullman 
Co. presided. 

There was vigorous discussion 
railroad corrosion problems and_ their 
possible solution, with enthusiastic par- 
ticipation the entire group. 
project, the committee will publish 
newsletter. Thirteen members attended 
the meeting. 


Good Planning 
Credited for Smoothly 
Functioning Sessions 


The high caliber the technical pres- 
entations the 14th Annual Conference 
held San Francisco was the most 
frequently mentioned feature the 
meeting. Registrants attending were 
kept busy shuttling between meetings 
technical committees and symposia 
with frequent stops the exhibition. 


Preliminary planning made conference 
events run smoothly. There were suffi- 
cient rooms adequate size the San 
Francisco civic auditorium for both 
committee meetings and symposia. The 
revised schedule opening and closing 
hours and days was approved generally 
exhibitors, who reported satisfactory 
attendance and good interest the 
show. 

Total registration reported Gen- 
eral Chairman Loper, Standard 
Oil Co. California, San Francisco, 
was 1731, which 1190 were paid and 
541 exhibitors’ registrations. the paid 
registrations 177 were ladies. Mr. 
Loper also said the policy distribut- 
ing preprints from the NACE booth 
the day following presentation tech- 
nical papers was not entirely satisfac- 
tory, but was considered the best 
arrangement perfected far. 


San Francisco Charms 
San Francisco proved fasci- 
nating advance information indicated 
would be. Registrants were able 
visit many the scenic, historical and 
gustatory attractions while participating 
full schedule technical and enter- 

(Continued Page 85) 


MORE TECHNICAL MEETING scenes (at bot- 
tom page) left right, During presentation 
“Corrosion Problems Associated With Urani- 
Refining,” Chemical Industry Symposium, 
Gackenbach, American Cyanamid Co., New 
York, seated right; Refinery industry round 
table left right, Manuel, Socony Mobil 
Oil Co., New York; Holmberg, Houston; 
Backensto, Socony Mobil Oil Co., Pauls- 
boro, J.; Cecil Phillips, Jr., Humble Oil 
Ref. Co., Baytown; right Refining Industry 
Symposium, left right, Hildebrand, 
Humble Oil Ref. Co., Baytown, Texas; 
microphone, Manuel; and Schill- 
moller, The International Nickel Co., Inc., Los 
Angeles. 
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Tropical Paint Company’s 


Tropoxies 


Protect Wood, Metal 


and Masonry Surfaces 


“problem” surfaces, where 
chemical fumes liquids quickly 


break down ordinary paints, new 
Tropoxy enamels provide supe- 
rior, longer-lasting protection. 


These new epoxy-resin coatings 
effectively retard chemical corro- 


sion exterior metal, wood, con- 
crete, plaster, brick, cement 


cinder block. Multiple coats can 


applied within hours achieve 
ideal 5-mil thickness. 


PROTECTIVE COATINGS 
for CORROSION PROBLEMS 


Also investigate our oleoresinous 
phenolics, rubber-base paints and 
enamels, high-heat (up 1000°) 
aluminums. They have been per- 
formance-proved thousands 
applications. 


ANNIVERSARY 


Loo, 1883 - 1958 


TROPICAL PAINT 
1142-1266 Cleveland Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 


mation our special- 
ized industrial coatings 
sent request. 


SUBSIDIARY 
PARKER RUST 
PROOF COMPANY 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


informal joint meeting Unit 
Committee T-6R Protective Coat- 
ings Research and 
Unit Committee 
T-6G Surface 
Preparation for Or- 
ganic Coatings was 
held the NACE 
14th Annual Confer- 
ence. 
pects problems 
developed mainly 
work groups 
technical organ- 
izations other than 
NACE units was 
discussed. 

project, specifications for sur- 
face preparation, inaugurated 
Unit Committee T-6R. The project 
will avoid duplication work Unit 
Committee 

Discussion the combined meeting 
the two committees was divided into 
six main subjects, Anchor Pattern 
Standards, Minimum Paint Thicknesses 
for Economical Protection, Painting 
Rusting Steel, AWS Metallizing Test, 
Painting Welds and Surface Treat- 


ment for Vinyl Coated Steel. 


Anchor Patterns Discussed 
Oakes, Clemtex, Ltd., ex- 
plained work done toward establishing 
anchor pattern standards related spe- 
cific abrasive materials available the 
Houston, Texas area. The question 


whether expand the investigation 
under sponsorship NACE include 
abrasives available other areas, per- 
haps national scale was discussed. 


the subject minimum paint 
thicknesses for economical protection, 


progress report prepared Garmond 
Schurr, Sherwin-Williams Co., was 
Corp., committee chairman. This project 
was activated North Dakota field 


site. Mild steel specimens were exposed 
rusting, then prepared and coated. 
The specimens then 
various environments, Kure Beach, 
for marine exposure; Detroit, for 
industrial exposure and Fargo, 
for rural exposure. 
tered preparing, coating and exposing 
specimens and the present status the 
project were told. 


Painting Rusted Steel 

progress report painting rust- 
ing steel, prepared John Keane, Steel 
Structures Painting Council, also was 
delivered Mr. Bigos. Purpose the 
initial phase the project was de- 
termine the effect inclusion rust 
paint formulation. Rust varying 
proportions 100 percent was sub- 
stituted for iron oxide making paint. 
The preparations were used coat cold 
rolled steel and the specimens were 
then exposed varying environments. 
Promising data are being obtained. Ap- 
parently presence rust paint for- 
mulation does not promote failure 
paint products. Work other phases 
the project continuing. 

his progress report the AWS 
Steel Corp., gave the objectives, infor- 
mation specimens and exposure sites 
and presented the interim results 
work this project. 

Weld Painting Studied 
another project, the painting 


Bigos 


Surface Preparation Specifications New 
Project for Protective Coatings Committee 


Vol. 


welds, statistical analysis raw data 
obtained will used arrive final 
conclusions. This interim report, also 
prepared Mr. Keane, gave informa- 
tion on specimen preparation, materials 
and raw results obtained. 

the project surface treatment 
for vinyl coated steel, Mr. Bigos dis- 
cussed the application adhesive coat- 
ings cold-rolled steel permit later 
application vinyl plastisol produc- 
tion steel allow forming and draw- 
ing fabrication. Problems improv- 
ing adhesion chemical treatment 
steel, and making choice ad- 
hesive coating compatible with vinyl 
plastisol were pointed out. estimated 
persons attended the joint meeting. 


Landers and Schremp Head 
Oil String Casing Unit 


Landers, Continental Oil Co. 
and Schremp, California Research 


Corp. have been elected 
vice-chairman, respectively Unit Com- 
mittee T-1H Oil String Casing Cor- 
rosion. The two were elected 
weeks prior the meeting the com- 
mittee the NACE 14th Annual Con- 
ference. 

Mr. Landers joined NACE while still 
student Southern Methodist Uni- 
versity where majored mathemat- 
ics and chemistry. While employed 
Continental Oil Co, was called 
military service January, 1955. 
served Okinawa. his return 
the company 1957 reinstated his 
NACE membership. 

Mr, Schremp received his PhD 


Chemistry from the University Wis- 
consin Prior joining the 
California Research Corp. 1950, 


worked for the American Steel and 
Wire and the Manhattan 


has been active NACE technical 
committee work, 


Industrial Painting Group 
Plans Future Activities 


Discussion plans for future work 
and appointment Floyd Helms, 
Union Carbide Chemicals Co. 
man Task Group Committee T-6D-3 
Paint Programs were features the 
meeting Group Committee T-6D 
Industrial Maintenance Painting the 
NACE 14th Annual Conference. 
Bacon, The Dow Chemical Co. T-6D 
chairman. 

Task Group Committee T-6D-1 
Economics Maintenance Painting 
presented progress report. Committee 
T-6D-2 Standardization Scope 
Painting Specifications, had its report 
ready for distribution the committee. 
Committee T-6D-3 Paint Programs, 
also presented progress report. 

Robert Suman, Pittsburgh Plate 
Glass Co. (Paint Div.), acted vice 
chairman Unit Committee T-6D 
the absence Martinson, Mon- 
santo Chemical Co., the regular vice 
chairman. Approximately persons at- 
tended. 

addition those held the annual 
national NACE meeting, technical 
committee meetings were held 
gional sessions during 1957. 
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High Purity Water Unit 
Schedules Literature Search 


Interpretation literature 
corrosion products and bibliographic 
work the subject 
the goal for 1958 
Unit Committee 
T-3F Corrosion 
High Purity 
Water, according 
mittee meeting held 
luring the NACE 
Annual Confer- 
nee. 

was announced 
that Bloom, 
Naval Research Lab- 
oratory the new 
vice chairman. Two 
task groups, one 
General Corrosion, the other Pro- 
duction Water were terminated 
that the parent committee could better 
pursue the goal for 1958. Robert 
Blaser, Babcock Wilcox Co., com- 
mittee Mr, Bloom corro- 
sion consultant metallurgy division, 
Naval Research Laboratory, Wash- 
ington, has and PhD 
degrees from Massachusetts Institute 
Technology. has had experience 
the paper and petroleum industries and 


has spent many years consultant. 


Methods Running ASTM 
Rust Test Surveyed 


Unit Committee T-2E Internal 


Corrosion Product Pipe Lines and 
Tanks met under the direction Ivy 
Parker, Plantation Pipe Line Co., 
the NACE 14th Annual Conference. 


new project the committee 


collect methods for running modified 
ASTM rust tests with aim mak- 
ing these uniform. Messrs. Artese 
and Brown Shell Oil Co., dis- 
cussed available methods for measuring 
corrosion refined oil storage tanks. 

Quimby, The Texas Co., re- 
ported his visit NATO pipe lines. 

Corrosion coupons and corrosion pat- 
terns were discussed detail. 

The proposed questionnaire the ex- 
tent storage tank corrosion (refined 
products storage) was amended and the 
decision was made that the committee 
should ask the Refinery Corrosion Com- 
mittee cooperate this program. 
About persons attended the meeting. 


Bloom 


San Francisco Technical— 
(Continued From Page 83) 


tainment provided the conference 
committee. 

The charm the city for the 
feminine contingent was exemplified 
the registration women, considerably 
more than was estimated originally. 
Hotel accommodations were excellent. 

opportunity was afforded during 
the conference for meeting persons 
concerned with the 15th Conference 
Chicago March 1959. Men responsible 
for this meeting made preliminary ar- 
rangements for some the events. 

appeal for technical manuscripts 
given the meeting was issued. 
Rolland McFarland, Jr., Hills-McCanna 
Co., Chicago, technical program chair- 
man, wants hear from NACE mem- 
bers and others interested preparing 
papers for presentation the confer- 
ence. 


144TH ANNUAL CONFERENCE REPORT 


HEADER CABLE TAPS 


Type TPS Connections 
are used connect 


tap cable #8-#4 toa 
thru cable 2/0. 


GROUND ROD TAPS 


Type TGR Connections 
for #6-2/0 cables 


GROUND ROD THRU 


Type TGT Connections 


Also expanded are conductor listings 
and including 2/0 for: Anode, Header, 
Test and Structure Leads horizontal and 


vertical steel pipes and flat surfaces. 


Write today for your New Catalog 


inc. 


Cleveland Ohio 


CANADA: ERICO INCORPORATED, 3571 Dundas St., West, Toronto Ontario 
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Tank 


CAMPBELL, retiring executive secretary the National Association Corrosion Engineers shown here receiving from President has 
Stewart the illuminated resolution acknowledging his services the association. The resolution, signed the fourteen presidents NACE, 
was presented the annual banquet Wednesday, March the Fairmont Hotel, San Francisco. 
Campbell Reports 
Association NACE Membership B-124 
materi: 
Now Over 5400 
RESOLUTION Over color. 
Executive Secretary securit 
During the year, since the 1957 con- tection 
LLAN ERRY AMPBELL vention was held St. Louis, few tank 
changes have taken place Central may 
( “7 yn in the capacity o executive Secretary since the earty days of its tormation, increased amount of work incident to - Sean 
ae Wirereas, the growth and success of the Association is due in great part to his tional poe rendered, mainly to tech- bation 
WHEREAS, he has consistently exerted his considerable talents of diplomac y and three, and one part-time employee who viously 
tact achieve harmonious progress the Association, and handles our printing. This increase 
three over the number the cutting 
Wruereas, his friendliness and considerate actions have gained a host of friends at the same time last year, Miss Hum- 
for the Association, and (Continued Page 
Wruereas, he has been constantly aided and encouraged in the advancement of Z 
the Association by his good wife Mary Alma Campbell, best known to us as Bonnie, < Special 
; Now Tuererore be it resolved that as an indication of its sincere appreciation, q plying 
; the National Association of Corrosion Engineers expresses its gratitude and esteem to ‘es are loc: 
Berry and Bonnie Campbell and enters this resolution the permanent records are 
the Association. equipn 
can 
for 
President 1943-46 President 1954-55 


Vance N. Jenkins 


President 1950-51 


Norton Berry 


President 1951-52 


Fontana 


President 1952-55 


Rogers 


President 1953-34 


President 1946-47 


Whitney, Jr. 


President 1955-56 


Jr. 


President 1956 


Olson 


President 1947-48 


President 1948-49 


Stewart 


President 1957-58 


FAIR, Jr., The Koppers Co., Pitts- 
burgh shown handing Kuhn, New 
Orleans the certificate evidencing the Frank 


Mears Whiteneck Newman Speller Award for achievements Gen 

President President 1958-59 corrosion Engineering. Because was unable 

bridge, England will accept the Whitney Award 


the 15th annual banquet Chicago. 


3 
one 
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NICHRO 


Trade Mark 


Tank lining 
has built-in 
visual cure control 


One group Unichrome drum 
and tank lining materials, Coating 
B-124 unusual phenolic type 
material. When wet, gray 
color. When fully cured, olive 
drab. This color change gives visual 
security against “half-baked” pro- 
tection especially large tanks and 
tank cars where heat application 
may uneven, 


Also this coating group will 
found several pigmented coatings 
which yield 2-mil thicknesses per 
coat. That’s double the build-up 
ordinary phenolic coatings. Ob- 
viously, fewer coats are needed, 
cutting time and costs. 


APPLICATOR SERVICE 


Specialist firms experienced ap- 
plying Unichrome lining materials 
are located across the country. They 
are well set handle even large 
equipment shipped them. They 
can provide fast service, and the 
uniform coating with greater impact 
resistance and improved protection 
for which Unichrome Phenolic 
Linings are noted. Send for names. 


METAL THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium 
Canada, Limited, Rexdale, Ont. 


Plastisol coating seals out corrosion 
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Protective 


Unichrome “Super 5300” Coating sprays 
seamless, pore-free lining 
with outstanding resistance abrasion 


Section left shows how sheet are applied, with seams all sharp bends. Contrast this with 
the continuous, seamless lining section right. There are weak spots where solu- 
tions could undercut lining. (Far right): Spark testing fume scrubber shown reveals porosity the 


protective lining. 


Chemical and corrosion engineers 
involved new construction have 
shown keen interest the advan- 
tages Unichrome “Super 5300” 
Coating. Especially since 
sprayable material, and can ap- 
plied mils thick per coat 
any object that can heated 
required baking temperature. 


MEETS THREE IMPORTANT REQUIREMENTS 


(1) Unlike usual sheet materials 
rubber and plastic, “Super 5300” 
Coating poses problem with 
seams. Since liquid material, 
forms continuous coating with- 
out air pockets, eliminating poten- 
tial sources trouble, even 
complicated shapes. (2) Thick and 
pore-free, presents paths for 
corrosive chemicals travel base 
metal. (3) withstands abrasion 


and impact remarkable degree. 
Thus, securely “seals” against 
corrosive attack due penetration 
damage encountered with 
dinary protective coatings. 


INHERENT CORROSION 


vinyl material, 5300” 
Coating naturally resists broad 
range acids, alkalies, moisture 
and other active agents. Should the 
need arise, equipment with this 
coating can patched and spot 
rebaked, reform impervious 
“armor” good new. 

“Super 5300” can applied in- 
plant; expert applicators 
key locations who can promptly 
and proficiently coat the equipment 
you ship them. Write Metal 
Thermit for names. for Bulletin 
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CONFERENCE EXHIBITION scenes above show 
few the interesting booths the floor 
the San Francisco civic auditorium. The 14th 
annual exhibition was characterized the 


variety equipment and materials usually 
found NACE exhibitions. 


Campbell Reports— 
(Continued From Page 

phrey, the abstract editor, has left the 
association and Miss Treves 
employed take her place. 

Membership December 31, 1957 
was 5404 active, junior and 386 
corporate, total 5820, net gain 
360 over the total number members 
December 31, 1956. With the inten- 
sive efforts being made obtain new 
hoped the total membership the end 
this calendar year will reach 6300. 


Local Activity Important 
One the gratifying aspects the 
conditions NACE this time 
the general interest and activity re- 
gions and sections. The six regions now 
have operating under them sections, 


ENGINEERS 


all which hold meetings periodically, 
several being monthly basis. These 
not only stimulate interest but 
are source great deal technical 
information, much which 
meetings. The value the association 
these meetings cannot over em- 
phasized. 

the technical committees, these 
too are functioning highly 
factory manner. There are 
nical group committees 
committees and task groups have been 
formed, each deal with specific 
field problem and formed response 
the activity our technical committees, 
more than 225,000 copies technical 
committee reports were distributed 
one form another during the year. 

The magazine, Corrosion, the official 
publication the association, continues 
serve all phases NACE every 
way feasible and practicable. There were 
nearly 200 more pages ma- 
terial 1957 than 1956. More manu- 
scripts are hand than ever before 


(Continued Page 90) 


Afternoon” for 
Exhibition Praised 


The “free afternoon” schedule initiated 
for the first time during the San Fran- 
cisco exhibition was favored almost unan- 
imously exhibitors, according 
Huff, Assistant Executive Secretary 
and exhibits manager. The success 
this experiment, which all technical 
meetings were suspended for after- 
noon registrants would have time to: 
visit the exhibition, indicates that simi- 
lar arrangements will made for the 
1959 exhibition held the Sher- 
man Hotel next March. 

Exhibitors were 
with results, Mr. Huff said. Physical 
arrangements were completed with very 
little friction and the layout the 
booths was considered satisfactory. 


Van Nouhuys Heads 
Regional Management 


Herbert Van Nouhuys has accepted 
for another year the chairmanship 
the NACE Regional Management Com- 
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Extension World’ 
Crude 


Sarnia-Port Credit extension 
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Coating and wrapping operations 


Protected with Coal-Tar Enamel 


Interprovincial Pipe Line Company now brings 
crude all the way from Alberta’s fields suburban 
Toronto: 1,930-mile stretch large diameter 
pipe line spanning Canada and feeding its industrial 
expansion with vital crude petroleum. 


Most recent addition this line was the Sarnia- 


Port Credit extension, 156-mile stretch 20-inch 
diameter pipe laid mid-summer 1957. And like 
most Interprovincial’s mileage, this recent link 
was protected with coal-tar enamel before being 
placed underground. 

Pipeline protection with coal-tar enamel makes 
real economic sense. For fraction line’s com- 


plete cost the proved protective ability coal-tar 
enamel can assure long life and low maintenance 
costs over years operation. Coal tar’s unique 
waterproofness resists the deteriorating effect 
sub-surface moisture: keeps corrosion from start- 
ing. And where cathodic protection applied, the 
sustained high electrical resistivity coal-tar en- 
amel keeps current and equipment costs low. 

You specify the finest when you specify coal-tar 
enamel for pipeline the best 
known name coal-tar enamels Bitumastic®, 
symbol quality for years. Tar Products Divi- 
sion, Koppers Company, Inc., Pittsburgh 19, Pa. 


District Offices: New York Boston Chicago Los Angeles Woodward, Ala. 


UMAS 


REG, U.S. PAT. 


COATINGS AND ENAMELS 


Line 

I 
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Campbell Reports— 
(Continued From Page 


the Editorial Review Sub-Committee 
not pressed for suitable material 
years. 

The gross paid circulation increas 
during 1957 8.5 per cent and 
income from advertising 
mately per cent. publication 
penses were higher, the increase 
come over expenses was about 
cent lower 1957 than 1956. 
increase advertising rates that 
came effective January 1958 has not 
far indicated that our 
will drop because this increase. 


Abstract Service Important 


One the activities NACE that 
difficult evaluate the abstract 
those who need this service and 
members. Few realize the value this 
service until faced with the necessity 
searching the published literature for 
The cost making such search 
through visiting the relatively few tech- 
nical and scientific libraries would 
enormous while there exists, through 
NACE abstracts, pertinent information 
more than 30,000 articles that have 
this country and 
the savings time and 
those need abstract information 
corrosion literature many times the 
cost now being made for this service. 
spite this useful service, are 
not yet certain that the form which 
abstracts are being made available 
all that should be. Serious considera- 
tion being given such changes 
may appear improvement and 
within the cost and expense range 
the association. 


Directory Published 


not now planned publish 
Yearbook 1958 which means that 
published membership directory will 
available since the one published 
June, 1957. However, revised tech- 
nical committee directory will pub- 
lished and this, together with the region 
and section directory that published 
periodically magazine, 
should serve the major need for name 
and address information NACE mem- 
bers. 

January 1957, pension and 
insurance plan for the Central Office 
the plan that was presented the gen- 
eral the Annual 
Convention held St. Louis March 
1957. 

interesting note the increase 
attention being given corrosion 
other countries. There has been 
formed and put action, the European 
this group scheduled for Frankfurt, 
Germany during June this year. The 
board directors has that 
official representative NACE will 
designated who will attend this con 
ference and report back our associa 
tion. Also, more than one-half the 
SOME THE approximately 1000 persons who attended the Fellowship Hour the the United States, most 

Hotel, San Francisco during the 14th Annual Conference are shown above. going overseas readers. 
There were 292 members dropped 
(Continued Page 92) 
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Varying circumstances, job conditions, and even budget limitations pro- CALL YOUR DEARBORN MAN 
hibit specifying one type coating for every pipeline. That’s why Dearborn WRITE FOR INFORMATION 
cn 
offers you all three: asphalt coatings; wax-type coatings; polyethylene Asphalt Coatings. Write for your copy 
plastic tape. These superior coatings, together with the correct primers 
and wrappers, may applied the mill, railhead, hand Traveliner. copy Bulletin 3050. 
Your local Dearborn representative can help you select the right coating SAFE-T-CLAD Polyethylene Plas- 
rt, combination for your specific job lowest possible cost. tic Tape. Write for Bulletin 3002. 
j 
ne 
CHEMICAL COMPANY 


MERCHANDISE MART PLAZA, CHICAGO 54, ILLINOIS 


WORLD'S MOST COMPLETE LINE PROTECTIVE MATERIALS FOR THE CONTROL CORROSION 


ey 
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LADIES ATTENDING THE SAN FRANCISCO conference are shown above luncheon March the Fairmont Hotel, one the events 
full program provided for their entertainment. Twice many ladies were registered were estimated the conference committee, 


evidence the attraction San Francisco holds for visitors. 


Campbell Reports— 
(Continued From Page 90) 

the 1957 for non-payment_ 
their 1957 active membership dues. This 
compares with 274 the end 1956 
and 347 1955. near our records 
reveal, there were members whose 
death occurred during 1957. 
March there had been 103 active 


1958. 


Other Items Interest 

There are other items interest 
the general membership, 
mitted their being mentioned. Most 
these will included more detail 
other reports scheduled for presenta- 
tion this meeting and not included 
here. However, the following might 
mentioned: regional exhibits; past chair- 
man certificates; approximately have 
been issued; approximately member- 
ship certificates have been issued. 

Preparation Committee Educa- 
tion for use sections, recom- 
mended plan for short courses cor- 
rosion; preparation list research 
projects the Committee Research 
when funds for research becomes avail- 
able; address and membership informa- 
tion that goes periodically all region 
secretaries; need for some 
modernization Central Office meth- 
ods and procedures these 
afforded the association’s financial 
condition. 

More the detail work annual 
conventions being handled the Cen- 
tral Office relieve local members 
these burdensome details; 
mation obtained and 
conditions annual convention sights 
before the locations are decided upon; 
lowering the age limit for those eligible 
for the Young Author Award from 
30; 

Preparation handbooks for regional 
use the Northeast and North Central 
Regions; total $5385 was refunded 
spent for Regions and Sections 


Stegner Reports NACE Finances 
Satisfactory Condition Whole 


STEGNER 
Treasurer NACE 

whole, NACE, finances are 
satisfactory condition. 

Income for the year from publications, 
regular business and the conference 
exceeded the each 
case. 

Expenses for regular business were 
lower and for publications and the confer- 
ence little higher than the budget 
estimate. 

keeping with NACE growth, more 
money was collected than previous 
more money also was spent be- 
cause there were more members. 

There close relationship between 
the number members and the money 
spent because the association’s sole con- 
cern its service members. 

Consistant with past operations the 
fiscal year ended with small difference 
between income and expenses “in the 
black” which added equity. 

(Continued Page 94) 


during 1957 from national funds; work- 
ing jointly with the University Texas 
educational films corrosion; rental 
additional space the building where 
the Central Office located, for storage 
publications. 

should like conclude this report 
with expression appreciation for 
the help that has been given 
the Central Office Staff, the members, 
officers and directors the association 
and others with whom have dealt. 
The assistance all these deeply 
appreciated because has contributed 
much toward making work pleas- 
ant. know this same support will 
given Mr. Hull when steps into 
this position. has been great pleasure 
associated with the NACE. 


NACE Membership Growth 
1950 VALUES ARE ESTMATES 


NACE Annual income 
1958 VALUES ARE BUDGET PROVISIONS 


NACE Application of Funds 
1958 VALUES ARE BUDGET PROVISIONS 
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NEW “SQUEEZE” WITH CORBAN FOR CORROSION PROTECTION. 

new technique for protecting downhole equipment from corrosion damage has 

now been proved successful Dowell. called the “squeeze” technique— 

and involves pumping Corban® corrosion inhibitor into the producing forma- 

tion. The protective Corban then gradually produced back with your normal 

production over period time. Corban plates out protective film the 

metal equipment contacted the well fluids. 
The “squeeze” technique has given many problem wells extended protection. 

has proved especially suited high-pressure wells. Corban polar-type cor- 

rosion inhibitor. readily available several formulas meet specific well 

conditions. Call any the 165 Dowell service points the United States and 

Canada for recommendations engineered for your wells. Venezuela, contact 

United Oilwell Service. Dowell Incorporated, Tulsa Oklahoma. 


Products for the oil industry 
Send for your copy Techni- 
cal Article: “Does The Inhibitor 
Squeeze Method Work?” A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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STOP CORROSION! 
ZERNE 
PLASTICS 


PVC PIPE, FITTINGS VALVES 


Complete line 
pipe, 12”, 
Schedules A, 40, 
80 and 120. 
Threaded and 
Socket Fittings 
and Valves avail- 
able for immedi- 
ate delivery. Send 
for Bulletin 
PF-1200. 


PVC CUSTOM MOLDED PARTS 


Rigid polyvinyl chloride molded to customer speci- 
fication. Sections specializing in heavy and intricate 
equipment parts. Send detailed drawings and service 
conditions for our recommendations and quotation. 


PVC LINING 


Rigid polyvinyl chloride lin- 
ing of metal tanks, contain- 
ers, ducts and other metal 
parts. Submit drawings and 
specifications for our recom- 
mendations and quotation. 


PVC ROLL COVERING 


New Luzerne process for Rigid PVC roll covering. 
Numerous applications in cellophane, film, textile, 
paper, chemical and process industries. Send for 
Bulletin 9000. 


PVC FABRICATED PARTS 


Fabrication and 
welding 
polyvinyl chloride 
sheet into many 
types of equipment 
and parts. Numer- 
7 ous applications for 
this fine plastic 
fume hoods, duct 
work, tanks, con- 
tainers and larger 


Acrylic, butyrate, 
nylon, polyethy- 
lene, polystyrene, 
rubber-resins, injec- 
tion molded 
transfer molded to 
customer specifica- 
tions. 


For Ready Reference Look 
Chemical Engineering Catalog 


Write for complete information contact 
our Sales Representative nearest you 


The LUZERNE RUBBER CO. 


300 Muirhead Avenue Trenton, N. J. 


Stegner 
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TABLE 1—Condensed Balance Sheet at Dec. 
31, 1957 


Current Assets: 


Total. . $146,389 


Investments: 
Shares in Savings Assns........... 


Special Funds: 
Educational Fund 
Fixed Assets-at-Cost: 
Office Furn. and Equip..... 
Less: Reserve for Depr............. 
Fixed Assets—Net 


Deferred Expenses. 


Total 5% $230,352 


Liabilities and Association Equity 
Current Liabilities: 


34,740 
Revenue Deferred: 


Contribution for Research and 
Educational Purpose: 


Association Equity.... 


Total Liabilities and Equity.... 


took lots hard work the part 
the president and diligent supervision 
and cooperation Berry Campbell and 
Central Office staff make this possible, 

Figure gives growth membership. 

The bottom curve representing Junior 
members show loss during the 
leaving 30. 

The next curve shows 
corporate members for the year 
386 and projected goal 425 for 
1958. This where lot work needs 
done. These important members 
are vital part the organization. 

There was increase 354 active 
members total 5404, with 5850 
expected the end 1958. 

The year ended with 5820 members 
all kinds, with 6315 expected next 

Figure gives income for the year 
compared previous years. 


INCOME 
Publications 
Regular Business...... 
Conference 
Total 


87,137 


Figure shows 1957 expenditures 
the lower curve and income 
upper one. The area between the curves 
represents equity. 


EXPENSES 
Publications 
Regular Business...... 109,710 
Conference 28,496 
Total $328,272 


Income exceeded expenses $16,156. 
Table condensed balance sheet 
indicating healthy financial position. 
South 1958 Confer- 
ence and Exhibition will held October 
the Roosevelt Hotel, New 
Orleans. 
Northeast Region’s 1958 meeting will 
held October 5-8 ‘at Somerset Hotel, 
Boston. 
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Publication Committee 


Treseder, Shell Developmen 
Co., Emeryville, Cal. has been 


Committee President White 


neck. Mr. Treseder succeeds 
May, International Nickel 
Inc., Kure Beach, who held 
post for two years. 


committee, amon 


the more active and important standin; 
committees the association, 
supervision association publica 
tions. The committee has the followin; 
sub-committees. Abstract, Editorial 
view, Advertising, Accounting 
Rules 

John Loeffler, 
Houston will the 
advertising sub-committee, 
been inactive for several years. 


Technical Committee 
Cooperation Requests 


Growing Number 


Technical Practices Committee 


the general business meeting last 
year St. Louis, Mr. 
ported 1956 was year record activ- 
ity the part the association’s tech- 
that 1957 was another year outstand- 
ing achievement. Eighty-four new com- 
mittee activities were initiated, com- 
mittee reports were published and 
nearly quarter million copies 
technical committee reports were put 
into circulation. 

think you can see what this means 
the association’s influence 
tige. That NACE technical committee 
activity becoming widely known 
and respected center corrosion in- 
formation well illustrated the 
number requests received from other 
organizations for committee liaison and 
joint committee work. Recognition 
this nature important the associa- 
tion and essential the association 
the major technological organi- 
zation the field corrosion. 

You will interested note that the 
report the NACE sponsored research 
project hydrogen sulfide stress cor- 
rosion has been well received indus- 
try. The report was published the 
July issue Corrosion and 
formed that there has been big de- 
mand for additional copies this report. 
The commitee corrosion oil and 
gas well equipment currently looking 
the possibility second sponsored 
research project. the project ap- 
proved the committee and the NACE 
board directors will possibly 
initiated some time this year. 

general all technical committees 
are maintaining the high level activity 
that has been characteristic our asso- 
ciation for the past several years. 

should like take this opportunity 
thank the officers and the directors 
the Association for their cooperation 
and the officers the committees for 
their energetic work during 
year. has been pleasure for 
head the technical committees 
NACE and look forward the next 
year with equal pleasure. 
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Problems Weighed 
Policy Committee 


Policy and Committee 


the report submitted the 
VACE board directors San Fran- 


isco) 

meeting the committee was held 
San Francisco Monday, March 17, 
958, which number association 


having with policy and 
were discussed and acted upon. 
view the widespread representa- 
ion, much the committee work must 
done correspondence, and some 
nstances handled the chairman. 

Some the matters given considera- 
ion and study the committee during 
past year are the following: 

One the group committees 
Technical Practices Committee, the 
Unit Committee Pipe Line Cor- 
confronting the committee hav- 
with preparing minimum ma- 
terial requirements for pipe line wrap- 
pers. 

This matter was referred all mem- 
bers the committee and, based upon 
received from them, the chair- 
man submitted suggestions the presi- 
lent the association. 

response request from the 
\wards Committee, the chairman pre- 
pared some general suggestions the 
matter awards procedure for con- 
sideration the awards committee and 
copies were sent the policy and plan- 
ning committee. 

proposed handbook for sections 
was prepared the Northeast Region 
serve guide operational pro- 
cedure and referred the committee 
for comment looking 
toward its possible use sections 
all regions. 

Other matters lesser importance 
were considered the committee 
through its chairman, and opinions 
interpretations the by-laws 
ticles organization were given the 
president and executive secretary the 
association from time time 
need arose for clarification during the 
year. Among these matters were the 

Comments were prepared having 
corrosion organization Brussels, Bel- 
rosion (Cebelcor). 

Interpretation the articles or- 
ganization and by-laws with respect 
the office assistant secretary the 
association, 

Suggested change the by-laws 
provide for changing the procedure for 
the signing checks that the assist- 
ant secretary might designated 
the board sign checks. 

Opinion regard the date 
determining section membership con- 
nection with request from 
for $100 for non-reimbursable expendi- 
tures provided the association’s 
procedure. 

the desire the chairman and 
every member the committee 
responsive the needs the associa- 
tion and the committee will welcome 
ideas and suggestions from the member- 
ship matters policy and planning 
which will further the best interests 
the ‘association. 


subscribers 
foreign countries. 


over 
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RE-NEW-COAT Resurfaces, 


Protects and Decorates 
Masonry Buildings 
One Application! 


Re-New-Coat, with outstanding rec- 
ord performance even under severe 
conditions, actually anchors itself into 
masonry surfaces anc becomes part 
the structure itself. resistant 
alkali, acid fumes, smokes, gases and 
other corrosive factors. Remarkable ad- 
hesive qualities Re-New-Coat, due 
presence Devran Epoxy Resin, in- 
sure firm tight bond masonry. 


ECONOMY Because the several mil 
thickness dense structurally strong 
coating, built with only one application, 
there need for second time- 
consuming application. 


TRUSCON 
with Devran Epoxy Resin 
actually extends the life 

your buildings! 


LONG LIFE PROTECTION Prolonged pro- 
tection against surface erosion just 
one the beneficial characteristics 
inherent Re-New-Coat. 


WEATHER PROTECTION Masonry struc- 
tures subjected constant erosion 
caused driving rains and chemical 
fumes common industrial areas are 
effectively protected for years come. 


FIELD DEMONSTRATION 


Ask for field demonstra- 
tion one more 
the attractive colors 


available! 

TRUSCON Laboratories I 

Dept. K-19, 1700 Canitt 

Detroit 11, Michigan | 

Have field engineer call for appointment. 

Send more information RE-NEW-COAT 

at once. | 

Name 

Company | 
Address 
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Active Year for Publication Committee Reported 


NACE Publication Committee 


1957 Annual Report, Publication Com- 
mittee 


The Publications Committee met 
two occasions during the year which 
most its regular business was handled. 
Additional matters business were 
handled correspondence between the 
chairman, several sub-committee chair- 
men, the central office and the editor, 
Ivy Parker. 


Research Progress Series. number 
papers were provided Har- 
series under the general title “Research 
one activity the NACE Research 
Committee. 


Advertising. Advertising rates for Cor- 
ROSION were increased effective January 
1958 order take care increased 
costs. hoped this will offset antici- 
pated slump revenue because the 
mild business recession now existence. 


THE CHARACTERISTIC DURABILITY 
INTERNATIONAL PAINTS MAKE 
THEIR USE MATTER ECONOMY 


INTERNATIONAL 


Send for a copy 
of our recently revised bo 


PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE 


SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: 6-1771 


TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas Phone: 5-8311 


MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 

FUEL SUPPLY INC. 

Morgan City, 5033-3811 
ROSS-WADICK SUPPLY COMPANY 

Harvey, La.-Phone: 1-3433 

VOORHIES SUPPLY COMPANY 
New Iberia, La.--Phone: EM 4-2431 

MOBILE SHIP CHANDLERY CO. 
Mobile, Ala.-Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida Phone: 2-4278 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 


Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 


an outline of the latest approved 
practices in all marine main- 
tenance. 


So. San Francisco, Cal., So. Linden Ave., Phone: 6-1440 


enjoyed per cent increase 
income and number pages adver- 
tising during the year spite some 
recession during the last quarter. 

has been the practice for Central 
Office develop its own 
program through the efforts the man- 
aging editor. proposal was 
the committee consider the pos- 
sibility engaging advertising agencies 
regional basis promote advertis- 
ing for magazine. This 
reported the board, has now been 
taken under advisement the Publica- 
tions Committee. 

order for the committee 
more completely informed advertis- 
ing matters, was decided assign 
one member the committee the 
responsibility following detail all 
facets our advertising problems. 
was agreed that this individual should 
reside the Houston area and work 
very closely with the managing editor 
advertising matters. This assignment 
was accepted John Loeffler, who has 
been member the committee for 
the last two years. 


Corrosion Correspondents. 
activity relative article each month 
tinued without any difficulties. 
expected that this activity will not 
change. 


Cover Photos for CORROSION Mag- 
azine. The central office has expressed 
considerable concern over the difficulty 
maintaining adequate supply 
photographs for use the cover 
Corrosion. Suggestions have been made 
that the Publication 
sider using the front for indices for 
advertising purposes. This matter should 
receive the attention the committee 
during the coming year. the mean- 
time some concerted effort being made 
obtain appropriate photographs. 


Exchange Subscriptions. The Central 
Office has received many requests for 
the arrangement exchange subscrip- 
tions with foreign publications. The vast 
majority these have not been direct 
interest corrosion engineers have 
involved language and translating prob- 
lems that cannot handled 
Houston office. Accordingly, very few 
such arrangements were made during 
the year. 


Release Papers Other Publications. 
Very few requests were received from 
authors for release papers journals 
where requests came directly from au- 
thors, the reasons for such requests were 
order; and the requests were granted. 
few requests were received for per- 
mission reprint articles companies 
for which authors worked. 
quests were granted accordance with 
our policy requiring that 
prints include reference publication 


Abstract Card Service. Considerable at- 
tention was given the declining inter- 
though NACE membership been 
have been slowly declining. 
lieved that one the main reasons for 
(Continued Page 98) 
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Because exceptional resistance corrosion needed... 


miles Rome Synthinol 901 building 
installed just one major oil refinery 


Under actual working conditions 
major oil refinery Southern Cali- 
fornia, Rome’s Synthinol 901 outper- 
formed every other building wire 
tested. The other wires included regu- 
neoprene-covered, and braided 
rubber-insulated building wires. Lead- 
covered wire was also tried; and was 
entirely satisfactory except ex- 
cessive cost and handling problems. 

Rome’s Synthinol 901 was used ex- 
tensively for the low-voltage wiring 
this refinery because its proven 
resistance moisture, oil, and corro- 
sive vapors environmental hazards 
common refinery operations. These 
and under—include not only control 
circuits but also the general wiring 
office and warehouse buildings and re- 
finery equipment. 


Plant and oil refinery engineers have 
also found that Synthinol 901’s supe- 
rior heat deformation resistance 
particularly applicable locations 
where greater than normal heat con- 
ditions exist. fact, it’s now being 
used place Type asbestos- 
covered wire panel boards and 
switchboards where high temperatures 
are known occur. Rome’s Synthinol 
901 has proven entirely satis- 
factory and economical solution the 
exacting demands this type applica- 


ROME 


tion. Try Rome’s Synthinol 901—under 
your own operating conditions—and 
see for yourself how well performs. 
You'll find it’s ideal for low-voltage 
circuits refineries, chemical plants, 
and similar installations where elec- 
trical wiring exposed corrosive at- 
mospheres. 

Specify Rome’s Synthinol 901 for 
your next job. Contact your nearest 
Rome Cable representative for more 
information—or write Dept. 321, 
Rome Cable Corporation, Rome, 


CABLE 
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Active 
(Continued From Page 96) 


this decline that our cards include 
all topics corrosion, whereas most 
users are interested only 
portions the cards. 


Consideration has been given the 
possibility making available partial 
subscriptions whereby preliminary selec- 
tion the cards could made. has 
been determined that such procedure 
would involve extremely 
dling the cards the Central Office; 
accordingly, the idea 
dropped. 


The question expenses involved 
the abstract card service has received 
considerable attention. the basis 
study made the Central Office, 
the price per subscription was increased 
the board directors, effective Jan- 


uary 1959, from $100 $175. 


more detailed study the account- 
ing relative expenses incurred 
abstract card service indicates that all 
the Houston office effort that has 


OKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has high carbon 
x Ye inch. In bulk or sacks. Prices on other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Mt. Olive, Ala. 


Box 


RECTIFIERS 


been charged against this card service 
should charged part against Cor- 
ROSION and against 
surveys, since these make use the 
abstracts that are prepared for the 
cards. any event the accounting 
system will not eliminate the fact that 
the abstract service expensive 
proposition. 

should borne mind, however, 
that the Publication Committee very 
strongly feels that this service 
most valuable one that lends consider- 
able stature the association and under 
circumstances should curtailed 
any way. desired that effort 
made educate members regarding 
the value the abstracts the hope 
that they will support this activity 
more active way. 


Editorial Review Sub-Committee. The 
review papers that were submitted 
for publication was very ably handled 
sub-committee. March 1957 the size 
this committee was increased over 
members that one individual 
would overloaded with large num- 
ber papers for review. This has proved 
excellent step. The committee 
during the year received 201 papers 
for review, which seven were returned 
without review because they were re- 
leased withdrawn. hundred 
sixty-two papers were reviewed and 
forwarded the editor, which 115 
were recommended for publication and 
recommended for rejection. the 
present moment papers are the 
possession authors for revision. 

The chairman this sub-committee 
cause increased activity within his 
company. replacement has not yet 
been named. This remains very urgent 
matter handled the incoming 
chairman. 


Service Corporate Members. The sug- 
gestion has been received the Publi- 
cations Committee that consider the 


DESIGN OFFERS MAXIMUM 
CATHODIC PROTECTION 


PREMIUM QUALITY COMPONENTS sixteen 
years development work corrosion 
prevention hundreds proven 
field installations. These account for 
the high efficiency Holcombe recti- 
fiers and their acceptance major oil, 
pipeline, and industrial companies. 
Ask for quotations rectifiers 
meet your individual specifications. 


THE OLCOM Inc. 


FIRST NATIONAL BANK BUILDING 


323 BARKER BUILDING 


TELEPHONE 5-3468 


HOLCOMBE COMPANY CANADA, INC. 
TELEPHONE 


SHREVEPORT, LOUISIANA 


CALGARY, ALBERTA, CANADA 


Vol. 


service corporate members the 
form subscriptions bibliographic 
surveys and the abstract card 
These items would require that the 
the corporate membership 
cover the cost such services. The 
matter has been taken under 
ment and presumably, will reviewe 
with those individuals concerned wita 
corporate membership. 


During the past year, 
committee has not had any difficultics 
material because the availability 
preprints. During the year, there 
been continued strong pressure 
have available meetings preprints 
all papers. the past 
have been provided the expense 
authors who were particularly desirous 
distributing them before meeting. 

Methods which preprints 
papers can made available the 
members meetings nominal cost 
posed that the mechanics 
such preprints matter for the Cen- 
tral Office; and more particularly, since 
these preprints will matter 
direct interest conference committees, 
ference item rather than publications 
item. This particularly true since pre- 
prints made available this form will 
made available without any editorial re- 
view. 


Rules Committee. The Rules Com- 
mittee, under the able guidance 
McKee and through the assistance more 
particularly the editor, Ivy Parker, 
has prepared new guide for authors 
used the preparation man- 
uscripts for Corrosion. This will 
printed and made available the very 
near future. 


Budget and Expenses. There has been 
continuing pressure the Publica- 
ume material that can printed 
CorROSION because budget limitations. 
desired have greater freedom 
for publishing material which not now 
being printed. is, accordingly, brought 
the attention the readers this 
report that there has been increase 
income from member- 
ship dues since the allocation funds 
from dues was first established about 
years ago. The Central Office has 
been requested review the matter 
costs terms cost per 
member for the years 1945, 1946 and 
1947 and for 1957. the basis this 
study, the Publications Committee may 
ask the Board Directors allocate 
additional funds from dues 


the close the 1958 conference, 
the Publication 
retired because increasing pressure 
responsibilities within his company 
and because was felt desirable ro- 
tate the chair among different individ- 
uals. was succeeded the former 
vice-chairman Treseder. 

The retiring chairman 
sincere appreciation for the assistance 
given him during the year every 
members the committee, Ivy 
Parker, Hammner, Humphrey, 
assistance during the year was extremely 
great and sincerely appreciated. 


M fay, 
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You can see why Saran Lined Pipe costs little per year service 


Saran anchored within steel casing safely 
conveys corrosive liquids for years trouble-free service 


There’s something special about this valve. It’s saran lined corrosion-resistant saran, means that complete saran 
and has Teflon V-ring packing for easier opening lined piping systems cost less the long run. 


fo) 
And Saran Lined Pipe with the new gray liner gives trouble-free 
the fact that valves like this are stock items another service under operating pressures from full vacuum 
example why saran lined piping systems are more eco- 300 psi and temperatures from -20° 200° 


nomical install. 


Send the coupon today learn how you can save install- 


Immediate availability Saran Lined Pipe, valves, complete corrosion-free piping system with Saran 
and fittings means there’s waiting. And Saran Lined Pipe Lined Pipe, valves, pumps and fittings. And sure ask 
can cut and threaded right the job with Saraloy® 898 tank linings. THE DOW CHEMICAL 
tools. This lower fabrication cost, combined with the long pany, Midland, Michigan. 


Please send me information on: [] Saran Lined Pipe, fittings and valves [] Saran lined centrifugal pumps [] Saraloy 898 chemical-resistant sheeting 


SARAN LINED PIPE COMPANY 


DEPT. 2003 C Name Title Company a 
2415 BURDETTE AVENUE 
FERNDALE 20, MICHIGAN Address City State 


YOU CAN DEPEND 
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100 CORROSION— 


1957-58 board directors and officers 
are shown above the meeting the Fair- 
mont Hotel, San Francisco Sunday, March 
16. Most the members the board are 
known sight NACE members. the 


scene below some the members the 
Editorial Review sub-committee are seen 
San Francisco. They are, left right, Harry 
Keeling, Los Angeles; Parker, Planta- 
tion Pipe Line Co., editor CORROSION; 
Celanese Corp. America, 


Kunkel, 


NATIONAL ASSOCIATION 


Bishop, Texas, retiring chairman; 
Alexander, Naval Research Laboratory, 
Washington; Mark Adams, State College 
Washington, Pullman; (standing) Treseder, 
Shell Development Co., Emeryville, Cal., Pub- 
lication Committee chairman; John Halbig, 
Armco Steel Corp., Middletown, Ohio; Otto 
Fenner, Monsanto Chemical Co., St. Louis. 
Photographs the bottom the page were 
taken the annual luncheon for corporate 
members NACE. 


CORROSION ENGINEERS 


Three Sections Added, 
12,783 Attend NACE 
Meetings During 1957 


VAN NOUHUYS, Chairman 
Regional Management Committee 


During 1957 NACE added four new 
sections and dropped one 
the 1956 record. The Western Region 
claims the new Puget Sound and San 
Joaquin Valley Sections while the Ca- 
nadian Region gains the Calgary Section 
and the South Central Region scores 
again this year with its latest offspring, 
the Panhandle Section. hoped that 
the near future the Casper Section 
will receive the necessary support 
justify its reactivation. Sections now 
number follows: South Central— 
15, Northeast—12, Southeast and West- 
ern tied each, North Central—7 and 
Canadian—6. 

were admitted the 
“Over 100 Members” club 
year. Suggestion made that sections 
having over 100 members who have not 


(Continued Page 101) 
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Three Sections 


(Continued From Page 100) 


made application, regardless 
the fact that the section treasury 
may not now require the annual $100 
reimbursement. The Northeast 
Region now leads with five these 
arge sections. 

Corrosion Short Courses continue 
‘ain popularity, totaling nine through 
which one over last year’s 
‘eported total. 


12,783 Attend Meetings 


The Region and Section 
System initiated last year 
Regional Management Committee 
esulted nearly per cent coopera- 
ion spite tardy submission 
juarterly reports. Based reports 
meetings totaled 252 with at- 
endance 12,783 and 292 publicity items 
which per cent were publica- 
other than 


attempt obtain fair idea 
the relative activity between regions 
widely varying membership ap- 
plying “Membership Weighting Fac- 
tor’, find South Central Region 
first place “number meetings held, 
attendance and publicity”. Southeast Re- 
gion took second place for number 
meetings held while the Northeast Re- 
was second attendance and 
publicity. Third place for number 
meetings went the Northeast Region, 
while the Canadians, close race, 
took third place attendance from 
the Westerners and Southeastern 
breezed easily with third place 
publicity. 

Further breakdown the figures 
available for those interested. Two re- 
gions went the extra effort break- 
ing down attendance figures into mem- 
bers and non-members and found that 
the latter comprised one-third the 
total attendance. This information will 
doubt received with interest and 
necessary action the part member- 
ship committees. 

Special mention goes the most 
active sections each region (no mem- 
weighting factor used) fol- 
OWS: 


Region Most Active Section 


North (Eastern 


Wis. Close 2nd) 
Pittsburgh 


The agenda the Regional Manage- 
ment Committee this year covers such 
problems as: 

(a) Should each region required 
maintain up-to-date map showing 
its section boundaries? 


(b) Should Central Office data cards 
Region Secretaries discontinued 
the interest economy and duplication, 
some regions make valuable use 
this service? 

(c) Should Section and Region Ac- 
tivity Reports submitted quarterly 
now set up, semi-annually? And 
are these reports sufficient value 
warrant continuation past 1958? 

(d) Approval Section Handbook 
for all NACE Sections. 


ANNUAL CONFERENCE REPORT 


The Regional Management Committee 
invites all NACE officers participate 
its annual meeting, for only through 
the contribution constructive thought 
and presentation ideas free and 
open forum, can our organization con- 
tinue its splendid progress. 
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Bibliographic Surveys Corrosion pub- 


lished NACE now cover the years 


1945-53 inclusive. 


The NACE 15th 
will 
Hotel, Chicago. 


Annual Conference 
Sherman 


Regional Management Committee Activities Report for 1957 


Number Meetings 


Attendance | Publicity 


Member- 
Region ship % Total| Actual | Weighted | Actual | Weighted | Actual | Weighted 
Canadian....... 298 5.58 484 2380 
Southeast... 334 6.26 530 2325 
Western........ 689 12.92 1,101 2342 
South 1461 27.37 107 107 5,626 5645 137 140 
1467 27.46 3,566 3566 121 121 
5339 100.00 253 12,783 292 


CASING OIL WELLS 
PROTECTED FROM CORROSION 


Here’s how oil producing company the Gulf Coast 
stopped external casing corrosion its wells. Five 
the wells were salt water bay. 

Potential-drop profiles indicated that cathodic protection 
could applied the total depth 5,500 feet. CSI deter- 
mined the current reuirements, using the log current-potential 


method. 


Then CSI engineers designed and installed protective sys- 
tem for each well based guaranteed current output. The 
range current requirements was from 0.5 6.2 amperes. 
The necessary current was delivered from ground beds each 
containing from two magnesium anodes. Galvomags, 
Dow’s new high potential anodes, were used special lengths 
provide 10-year installation life the lowest possible cost. 
This cost ranged from $215 $510 per well. 

Call write today for estimates quotations your 
cathodic protection needs—materials services. obligation. 

Ask for free copies the new CSI reports “Hot Spot 
Protection” and “Galvomag Anodes.” 


CORROSION SERVICES 
INCORPORATED 


Box 7343, Dept. C-5 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 
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preparation rusted 
steel simplified 


Tygorust, the “no-prep” Primer, simplifies surface preparation 
dozens applications throughout the average plant 
contributing substantial savings time and labor. 
Sandblasting rusted steel, for example drying out 

damp concrete these operations, formerly 

considered essential before priming could started, are 

longer necessary. most cases rusty steel need only 
wire brushed before priming with Tygorust. Old concrete, 
damp dry, may Tygorust-primed after simply brushing 
off dirt and loose particles. 


Tygorust Primer can brushed sprayed and gives 
economical coverage. may applied over firmly adhering 
old paints (excepting bituminous coatings), and provides 
excellent adhesion for any type finish including vinyl-base 
coatings. Tygorust stops underfilm rust-creep and, through 
superior adhesion properties, aids maintaining paint films 
top condition. Try Tygorust general purpose primer 
start new cost sheet, because Tygorust one logical 
method keeping maintenance painting costs down. 


HELPFUL HINTS 
MAINTENANCE PAINTING 


are contained THE TYGON 
PAINTING MANUAL. Its thirty 
pages cover virtually all aspects, 
from surface preparation tips 
equipment. 


Send for your free copy today 
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and Missile 


Requirements Will 
Focus Temperature 


Astronautical vehicle progress has had 
marked impact the requirements 


for materials, processes, high tempera- 
ture testing and manufacturing methods 
related airframe and missile construc- 
tion. the “1958 Annual Survey 


and 10-Year Requirements” this area 


compiled the Aircraft Industries As- 
sociation, Los Angeles first priority, 
over five years placed evaltiation 
properties from sub-zero 1200 
precipitation hardening semi- austen- 


itic stainless steels. This evaluation in- 


cludes corrosion resistance. Emphasis 
should consistency. 

descending order importance 
the 5-year survey are developments 
related air hardening stainless and 
alloy steels, aiming tensile strengths 
above 300,000 psi; sandwich and panel 
construction, heat resistant alloys the 
iron, cobalt and nickel-base 
nium, protection from oxidation 
molybdenum, development beryllium 
and its alloys, limited work alumi- 
num and magnesium. 

the 10-year scale beryllium takes 
first priority for development into ma- 
terials suitable for applications 
1000 Next order are development 
their alloys 2000 composite 
structures and single-crystal metallurgy. 

Among non metallic 
phasis suggested monolithic and 
laminated transparent materials service- 
able 700 possessing good radiation 
resistance. Glass materials 
developed useful 1000-1200 
range and within years useful 2500 
Laminated plastics years 
should withstand between 600 and 1000 
and have good erosion resistance. 


Non-corrosive 
ants usable the 1000-1500 range 
for use fuel tanks, fire walls and 
pressurized compartments must com- 
patible with exotic fuels. Coatings 
against corrosion and erosion for metal- 
lics and non-metallics should capable 
withstanding 500 2000 gaseous 
contamination and erosion. 
Fused ceramics, plating metallics 
should withstand abrasion, oxidation 
and erosion 2000 Heat resist- 
ant coatings should useful 
3500 and for certain applications 
6500 

Non-corrosive hydraulic fluids resist- 
ant fire and nuclear contamination 
are needed. 


High Flux Reactor Critical 


new high flux research reactor 
went critical March 21. Designated Oak 
Ridge Research Reactor (ORR) 
high-flux, tank-type reactor immersed 
research and engineering studies the 
effect nuclear radiation 
materials. operated Union Car- 
bide Corp. for the Atomic Energy 
Commission. 


BOOK NEWS 


Engineering College Research Review, 
1957. 408 pages, inches, paper. 
1957. Engineering College Research 
Council, New York University, Uni- 
versity Heights, New York 53, 
Per copy, $2. 

survey research institutions, in- 

cluding armed service schools, colleges 

and universities, arranged 
tions. Among the data given for each 
institution are mailing address, names 
responsible officials, policies, person- 
nel, expenditures, income, lists short 
courses and conferences, lists re- 
search projects. Lists research proj- 
ects previously scheduled and now 
progress are listed subject matter. 

alphabetical subject index 

cluded. 


Nickel and Its Alloys. NBS Circular 
paper. Feb. 1958. Superintendent 
Printing Office, Washington 25, 
Per copy, 60¢. 

revision Circular 485 (1950) com- 

prehensively covering the origins, refin- 

ing, uses and properties nickel. About 

800 references are listed. The revision 

was sponsored International 

Nickel Co., Inc., under the National 

Bureau Standards’ research plan. 


Stainless Steel Fabrication. 384 pages, 
10%, Cloth. 1957. Allegheny 
Ludlum Steel Corp., Advertising 
Dept., Oliver Bldg., Pittsburgh 22, 
Pa. Free, letterhead request. 

comprehensive exposition, illustrated 
and printed two colors the fabri- 
steels. Data presented are the product 
over years work and investiga- 
tion and represent the best available 
information. The purpose the book 
aid and guide those now engaged 
and those who will engaged han- 
dling stainless steel fabrication. 

Some data are given corrosion re- 
sistance specifically, which standard 
analyses are rated against list cor- 
rosives. However, because the im- 
portance corrosion resistance, details 
many techniques include instructions 
ways avoid corrosion damage, al- 
though they are not identified. There 
alphabetical subject index. 

The profuse and 
and tables data make the book ex- 
cellent for reference purposes. 


Symposium Determination Dis- 
solved Oxygen Water. pages, 
inches, hard paper, 1958. Ameri- 
can Society for Testing Materials, 1916 
Race St., Philadelphia Pa. ASTM 
Special Technical Publication 219. Per 
copy, $2.25. 

Consists the five papers presented 

the named symposium June 20, 1957 

Atlantic City, and the discus- 

sions related these papers. Subjects 
covered are accuracy testing methods, 
polarographic measurements, Beckman 
dissolved oxygen analyzer, evaluation 
Hartmann and Braun recorder for boiler 
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feedwater and determination means 
Cambridge analyzer. 


Plant Design and Economics for Engi- 
neers. 511 pages, inches, cloth. 
January 1958. Max Peters. 
McGraw-Hill Book 
330 West 42nd New York 36, 
Per copy, $11. 

discussion economic and design 

principles applied chemical engineer- 

ing processes and operations. Orienta- 
tion thoroughly economic with topics 
covered including, costs chemical 
processes, interest and investment, de- 
preciation, cost and asset accounting and 
Corrosion not considered separately 
from other maintenance 
cence factors. There subject in- 


corrosion. 


Dislocations and Mechanical Properties 
Crystals. 634 pages, inches, 
cloth, 1957. John Fisher, editor. 
John Wiley Sons, Inc., 440 Fourth 
Ave., New York 16, Per copy, 
$15. 


Proceedings international confer- 


ence Lake Placid, Sep- 
tember 6-8, 1956 sponsored Air Force 
Office Scientific Research, Air Re- 


search and Development Command and 
the General Electric Research Labora- 
tory. The papers were presented 
closed conference selected group 
specialists the field mechanical 
aspects dislocations. The discussions 
were recorded and edited 
volume. 

Included are discussions under the 
following headings: Direct observation 
dislocations, deformation pure 
single crystals, work hardening and 
recovery; alloy crystals, impurities and 
yield point phenomena; dislocation 
damping and fatigue, theory disloca- 
tions, whiskers and thin crystals, radia- 
tion damage. The book extensively 
illustrated with photographs, diagrams 
and graphs related the material. Ap- 
propriate references are appended 
section ends. 

There index contributors and 
alphabetical subject index. 


Industry Fights Corrosion. 107 pages, 
inches, paper. 1958. Corro- 
sion Tec hnology, House, 
Eden St., London N.W.1. Per copy, 

Thirteen papers presented during the 

“National Anti-Corrosion 

vention organized Corrosion Tech- 

nology magazine and the Leonard Hill 

Technical Group. Discussions related 

each paper are included. 

Topics covered include organic and 
metallic coatings, shipping industry, 
water treatment, atomic 
energy, fuel additives, mate metals and 
alloys, cathodic protection. 


Turbine Uses Waste Gas 


turbine burning waste gas 
given off steel mill blast furnaces 
was described the Third Annual Gas 
Turbine Conference and Exhibit 
dent Brown Boveri Corp., New York. 


H 
| 
i 
i 


Titles Changed Library 
Congress Publications 


Changes have been made the titles 
but not the contents two Library 
“Monthly Index Russian Accessions,” 
formerly was titled “Monthly 
Russian The new “East 
European Accessions Index” formerly 
titled European Accessions 

Each index gives English monthly 
account new material variety 
subject fields from USSR and East- 
ern Europe received the Library 
Congress and other American research 
libraries. Translation all book titles 
and articles into English and elaborate 
subject guides permit researcher 
easily identify material interesting 
him. Volume the Monthly In- 
dex Russian Accessions, percent 
the books and periodicals were the 
field science and technology. 

The East European Accessions In- 
dex, published monthly, lists and an- 
notates publications received 
Library Congress and 
100 major research libraries the 
United States and Canada from Albania, 
Bulgaria, Czechoslovakia, Estonia, Hun- 
gary, Latvia, Lithuania, Poland, Ru- 
mania and Yugoslavia. 

publications are available from 
the Government Printing Office. 
Monthly Index Russian Accessions 
sells for $12 year ($15 abroad); East 
European Accessions Index 
$10 year ($12.50 abroad). 


Corrosion Papers Scheduled 
Nuclear Conference 


Numerous papers corrosion and 
related topics were presented during 
the March 17-21 4th Nuclear Engineer- 
ing and Science Conference Chicago. 
Included among them were: 

Location Leaks with Radioisotopes 
Multiwalled Tanks, Sullivan 
and Coleman, National Lead Co. 

Corrosion Behavior Uranium-Zir- 
conium Alloys High Temperature 
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Water and Steam, Kass, Gold- 
man, and Thomas, Westinghouse 
Electric Corp. 

Corrosion Behavior Uranium- 
Niobium Alloys High Temperature 
Lombardo, Westinghouse Electric Corp. 

High-Temperature Fatigue Testing— 
With Application Uranium Jack 
Bohn and Glenn Murphy, Iowa State 
College. 

Corrosion Screening Component 
Materials for NaK Heat Exchange Sys- 
tems, Samuel Basham, John Stang 
and Eugene Simons, Battelle Memo- 
rial Institute. 

Dynamic Corrosion Tests Ma- 
terials Irradiated Organics, Kline, 
Gioseffi and Bey, North 
American Aviation Co. 

Radiation Damage Studies Seven 
Non-Fissionable Metals, Bruch 
McHugh, General Electric 

Radionuclides Reactor Cooling 
Source and Con- 
trol, Dade Moeller, Robert Taft 
Sanitary Engineering Center; George 
Leddicote and Sam Reynolds, 
Oak Ridge National Laboratory. 

Facilities Study the Effects 
Radiation Petroleum Processes and 
Products and the Uses Radioactive 
Materials the Petroleum Industry, 
Buehler, Sinclair Research Labo- 
ratories, Harvey, 

The Bettis Plant Radioactive Sample 
Corrosion Tests Facility, Ma- 
haram, Westinghouse Electric Corp. 


Corrosion Petroleum 
Industry ASTM Agenda 


“Corrosion the Petroleum and 
Chemical Industries,” the title 
symposium given May during 
the American Society for Metals’ South- 
western Metal Congress, Dallas, May 
12-16. Willson, Halliburton Oil 
Well Cementing Co., Duncan, Okla., 
and Spalding, Sun Oil Co., 
Dallas, are chairmen. 

Scheduled are papers Cost Cor- 
rosion and Economics Materials Se- 
lection; Corrosion Resistant Alloys. 


for cathodic protection 


Corrosion control for under-ground and under-water 
pipelines and other metal structures regardless all 
other methods used. 


APEX Anodes are folders technical consultation with our engineers 


available in 5 Ib., 10 tb., , 

may order bare anode 
with or without wire, or 
complete packaged anode 
with wire and back-fill 
ready for installation. 


CHICAGO 
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Metallic Coatings for Corrosion Pro- 
tection, John Eggleston, Vapor Honing 
Co., Houston. 

Non-Metallic Coatings for Corrosion 
Protection, Edgar, Tube-Kote, 
Inc., Houston. 

High Temperature Corrosion Prob- 
lems. 

Cathodic Protection— Principles 
Application. 

Importance Inspection Corrosion 
Control. Ives, Humble Oil 
Refining Co., Houston. 


Technical Translations 


Soviet Orbit Data 
Available From Institute 


Results scientific and technical de- 
velopments Russia and Soviet-orbit 
countries will made available through 
the Pergamon Institute, non-profit 
foundation for the furtherance and dis- 
semination scientific knowledge. Its 
domiciles are Washington, C., and 
London, England. 

The institute will 
functions: Translate into English Rus- 
sians books and technical articles. Dis- 
cover new ways increase dissemina- 
tion Russian and Slavic technical 
knowledge among English-speaking 
scientists. Encourage the study Rus- 
sian extra-curricular activity 
the science, medical and engineering 
faculties colleges universities. 
Review bibliographically 
nical progress 1920-56. 

The institute already publishes trans- 
lations number Russian journals, 
including Atomnaya Energiya, Elek- 
trichestvo, Physics Metals and Metal- 
lurgy, Abstracts USSR Metallurgy. 


Additives for Low Grade 
Fuel Oil Are Discussed 


Anti-corrosion additives for low grade 
fuel oil used gas turbines may used 
either dissolved the oil, insoluble 
Trautman, Gulf Research and Develop- 
ment Corp., Harmerville, Pa. paper 
the Third Annual Gas Turbine Con- 
ference ASME Washington. Their 
tests showed micronized talc, mag- 
nesium oxide and potassium permanga- 
nate effectively reduced corrosion 
costs ranging from less than one cent 
about cents barrel oil. 

Synthetic sea water and other ma- 
terials containing sodium potassium 
also reduced certain types corrosion 
and enhanced effectiveness other in- 
hibitors. 


ASTM Studies Cermets 


study commitee cermets was 
authorized American Society for 
Testing Materials during the February 
Committee Week St. Louis. The com- 
mittee will analyze the present status 
industry and make recommendations 
how proper standards may de- 
vised. 


Nuclear Reactor Course 


“Materials for Nuclear Reactors,” 
the title one-week course offered 
New York University during the 
summer 1958. The College Engi- 
neering’s fourth annual titanium meet- 
ing will held September 8-9. 
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Aluminum 


Aluminum-clad transit cargo buildings 
salt-water port facilities have been 
880 feet 200 feet. Alu- 
ninum Company America, 1501 Al- 
Bldg., Pittsburgh 19, Pa., says alu- 
minum was selected because low 
naintenance, high resistance corro- 
sion, pleasing appearance and long life. 


Kaiser Aluminum Chemical Corp., 
1924 Broadway, Oakland 12, Cal., has 
provided the materials for making 
all-aluminum 42-foot work boat for 
heavy duty the Willamette River 
Oregon. The boat weighs half much 
would made steel and has 
draft several inches less. Bimetallic 
corrosion between the aluminum struc- 
ture and the steel shafting and babbitt 
bearings was prevented use stain- 
less steel and rubber liners, gaskets and 
bearings all which are commercially 
available. 


Bolt Torque Data 


The Skidmore-Wilhelm Mfg. Co., 442 
South Green Rd., South Euclid, Ohio 
has published special report explain- 
ing distribution torque nuts and 
bolts when they are tightened and other 
information torque and proper selec- 
tion bolts, nuts and washers. 


Clad Materials 


General Plate Div. Metals Con- 
trols Corp., Attleboro, Mass., has pub- 
lished new bulletin platinum-clad 
metals, PLA-5. Platinum clad avail- 
able single overlay, double clad, 
edgelay, top-lay inlay. Precious metal 
saved and mechanical strength, elec- 
trical and thermal conductivity, and 
wear and hardness qualities 
vided. 

Chicago Bridge Iron Co., 332 
Michigan Ave., Chicago has pub- 
lished 32-page brochure describing 
the manufacture Hortonclad, com- 
posite metal produced flux-free 
high strength bonding process which 
provides integral and continuous 
bond between alloy special metal 
and its backing plate. Lists materials 
available and description the firm’s 
are included. 


Coatings—Organic 

Bakelite Co., Division Union Carbide 
Corp., 655 Madison Ave., New York 21, 
has developed one-coat main- 
tenance paint for use porous con- 
crete and variety metals without 
costly surface preparation. test 
showed only one coat was required for 
adequate hiding and protection. Cost 
application was slightly more than half 
that other jobs requiring two coats. 


Lucey Export New York has 
been named export sales representative 
for Tube-Kote, Inc., Houston, Tex., 
Brazil and Argentina. Tube Kote ap- 
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plies baked phenolic coatings oil field 
tubular goods for corro- 
sion and paraffin deposition. Plants are 
located Houston and Harvey, La. 


The DeVilbiss Co., Toledo Ohio, 
accepting applications attend its 
spray painting school. Subjects covered 
are industrial product finishing, mainte- 
nance painting, general refinishing, serv- 
ice training, automotive jobber and port- 
able equipment. The school free 
owners sellers DeVilbiss equip- 
ment their representatives op- 
erators. For information write the com- 
pany’s educational department. 


Coatings for Concrete, developed the 
Hodges Chemicals Co., Redwood City, 
Cal. are designed protect surfaces for 
years against pitting, breaking and ero- 
sion. The two new 100 percent solids 
epoxy-based coatings are used food 
processing plants, canneries and chemi- 
cal plants where corrosives have dam- 
aged concrete floors. 


American Chemical Paint Co., Ambler, 
Pa., has published Bulletin 1424-A about 
its line protective and prepaint coat- 
ing chemicals for aluminum. The book- 
let discusses advantages the coat- 
ings, methods application and equip- 
ment used and lists type metal prod- 
uct treated and includes convenient 
selection chart. 


Bakelite Co., Division Union Carbide 
Corp., 655 Madison Ave., New York, 
conducting long-range tests 
water-based latex paint for outdoor 
across the United States determine 
the resistance this paint variety 
climatic conditions. The firm has de- 
veloped latex paints for outdoor use 
which, maintains, offer advantages 
application, appearance and performance 
over others. 


Fittings 

Cosasco Division Perfect Circle Cor- 
poration, Monte, Cal. offering 
new 32-page catalog covering its com- 
plete line access fittings for oil wells, 
pipe lines, refineries and industry. The 
fittings allow access under pressure 
interiors oil wells, pipe lines and 
other pressure vessels for corrosion sur- 
veys and other purposes. 


Heat Exchangers 


Alcoa Expandable Tube-Sheet, made 
Aluminum Company America, 732 
Alcoa Bldg., Pittsburgh, Pa. made 
revolutionary process for producing 
tubular shapes within sheet and plate. 
The new method employs one-piece 
unit aluminum sheet, plate, con- 
taining series lengthwise, parallel 
areas that can expanded easily 
form integral tubing. The product 
exceptionally suited solve heating and 
cooling problems found many indus- 
trial processes and can used cir- 
culate liquids gases within leak- 
proof enclosures. 
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Inhibitors 
Pont’s Fuel Oil Additive No. 


when added residual fuel oil tanks 
acts stabilizer, solubilizer and dis- 
persant and helps prevent sludge for- 
mation. one case, use $20 worth 
the additive saved $800 over costs 
mechanical de-sludging and clean- 
ing, according Pont Nemours 


Co., Wilmington, Del. 


Calgon Composition TG, sodium-zinc 
hexametaphosphate corrosion inhibitor 
for municipal and industrial water sys- 
tems, described new bulletin is- 
sued Calgon Co., 323 Fourth Ave., 
Pittsburgh. The compound said 
provide fast forming, protective film 
metal surfaces and effective 
low concentrations. 


Instruments 


Gulton Industries, Inc., 212 Durham 
Ave., Metuchen, has patented 
new soldering iron which, addition 
heat, employs ultrasonic vibrations 
eliminate the use flux solder- 
ing such materials aluminum, and 
magnesium and their alloys. par- 
ticularly useful where the corrosive ef- 
fects flux must avoided. 
Two new thermostat switches, designed 
resist corrosion have been developed 
Fenwal Inc., Pleasant St., Ashland, 
Mass. Temperature range the stain- 
less steel switches —100 600 
They are field adjustable. Corrosion re- 
sistance acetic acid vapors, percent 
sulfuric acid (up 120 and many 
other salts and acids claimed. 


Continental Oil Co. has contracted for 
use electronic computer-data 
processing system designed sustain 
peak operational efficiency catalytic 
reformer producing some 10,000 barrels 
high-octane gasoline day. Produc- 
tion yields and other operating statistics 
will computed automatically. The 
Systems Division Beckman Instru- 
ments, Inc., 325 Muller Ave., Ana- 
heim, Cal. was given the contract for 
the computer service. 


Sensitive Research Instrument Corp., 
310 Main New Rochelle, 
makes Reference Standard Heavy Cur- 
rent Ammeter with ranges from 
100 amperes and accuracy two- 
tenths one percent. available 
self-contained 


Metals—Non-Ferrous 


The International Nickel Co., Inc., 
Wall St., New York Y., has de- 
veloped new process for electrorefin- 
ing nickel. main feature the process 
the direct electrolysis nickel matte, 
artificial sulfide. eliminates high- 
temperature oxidation and reduction op- 
erations with attendant losses metals 
and sulfur and selenium and makes pos- 
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(Continued From Page 105) 


sible commercial recovery elemental 
sulfur and selenium. 

Cadmium strip and foil rolled thick- 
nesses low .005-inch now 
commercial production the plant 
the American Silver Co., 36-07 Prince 
St., Flushing, Suggested uses are 
packaging provide very high cor- 
rosion protection; electronics, for elec- 
trical contacts and printed circuitry and 
nucleonics, wherever high neutron 
absorption properties are needed. 

Tube Turns, division National Cyl- 
inder Gas Co., plans offer com- 


plete line welding fittings and flanges 
commercially pure grades titanium 
match schedules and sizes tita- 
nium piping now made. 

Metachemical Ltd., Crawley, 
England, have developed Micrograin 
nickel, new type material which 
extremely hard, yet flexible. Resistance 
abrasion and impact are unusually 
high. Brinell hardness 600, yet 
the material may bent easily without 
fear cracking. Agents for the manu- 
facturers are Dalic Metachemical Ltd., 
121 Judge Rd., Toronto 18, Ont., Can- 
ada. 


Non-Metallics 


NF-X, new film with exceptional cor- 
rosion resistant properties has been dis- 
covered chemists Joclin Manu- 
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facturing, Wallingford, Conn. The 
material resists such corrosives 
fuming red and white nitric acid, hy- 
drazene, aluminum trimethyl 
drogen peroxide for long periods, with 
bladders, tank liners 
equalizers. Storage tests lasting three 
months show damage the con- 
tainers which are made without seams. 
Recommended service temperature 
ranges are from 100 400 In- 
termittent use 600 produces 
failures. 


Nuclear Fuel 


Sylvania-Corning Nuclear Corp., Bay- 
side, Long Island, Y., has announced 
nuclear “package fuel” plan under 
which the firm will deliver the com- 
pleted nuclear fuel unit the customer, 
obtaining all fuel materials and deliver- 
ing finished core loadings under single 
fixed price. 


Plastics 


Carl Beetle Plastics Corp., 145 Globe 
St., Fall River, Mass., has published four 
illustrated data sheets outlining corro- 
sion resistant processing storage 
equipment. The company makes Beetle 
Bonate vents, ducts, hoods, pipes, 
fittings, recovery tanks and like equip- 
ment. 

Southwestern Plastic Pipe Co., Box 117, 
Mineral Wells, Tex., has issued 
page illustrated folder which describes 
uses three types semi-rigid and 
rigid plastic pipe. Southwestern also 
manufactures polyethylene flexible coil 
pipe, drainage pipe, well casing and 
conduit. 

Darling Co., Plastics Div., Cold- 
water, has published free 
brochure fiberglass, corrosion-re- 
sistant linings for 
Strength, lightweight construction and 
high insulating qualities combine re- 
duce maintenance and production costs, 
the firm states. 


Tube Turns Plastics Inc., Louisville, 
Ky., has replaced its existing line 
smooth-face flanges with complete line 
flanges with concentric-serrated faces 
for polyvinyl chloride piping systems. 
gasket retention, more effective 
seal and improved appearance were 
given advantages the new design. 


Grace Co., Polymer Chemi- 
cals Div., Clifton, J., has published 
two new booklets: Guide 
Injection Molding GREX High Density 
Polyethylene,” and “Fabricator’s Guide 
Extruding GREX High Density 
Polyethylene.” The first book describes 
fundamental molding characteristics 
with recommendations for mold design. 
The second gives techniques for manu- 
facture film, sheet, tubing, profiles 
and shapes. 

Duracor reinforced plastic, made the 
Ceilcote Co., 4874 Ridge Rd., Cleveland 
Ohio, being used fabricate gas 
scrubbing towers capable resisting 
the highly corrosive gases and extreme 
temperatures encountered the chemi- 
cal and metalworking industries. The 
material combines high strength, design 
flexibility, easy workability 
ance most corrosive gases, fumes 
liquids. 
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AVAILABLE NOW! 
Standard Magnesium HIGH CURRENT Anodes 


The most important consideration the purchase 
magnesium anodes the anode efficiency. 
other words how much actual protection you get 
per dollar invested. 


can seen from the graph, Standard Mag- 
nesium H-1 Alloy HicH anodes give far 
greater efficiency than any other available mag- 
nesium anode. This means they deliver more 
ampere hours protection per pound metal 
consumed more protection per dollar invested. 


And with anodes you save two ways. 
First, installation costs because_Four Standard Mag- 
nesium Alloy Current anodes will deliver 


much current six conventional anodes. Secondly 


because these HicH anodes cost more 
than conventional anodes. 


your next installation insist Standard’s 
H-1 alloy Current anodes, field proved over 
decade millions actual installations under all 
conditions. 


For complete information describing advantages 
Current anodes write for FREE booklet CH58. 
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CORROSION 


William Marshall, Jr. general 
market sales representative for the New 
England states and Boston holds 
the same position for Northern Cali- 
fornia and Western Nevada for Dresser 


Mfg. Div., Bradford, 


Joseph Petrocelli has been appointed 
head the Electrochemical Section 
the International Nickel Company’s re- 
search laboratory Bayonne, 


Robert Kokat has been appointed 
branch manager The Carpenter Steel 
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Gerald Garinger has been appointed 
assistant branch manager the com- 
pany’s Toledo, Ohio mill-branch ware- 
house. 


Jacobsmeyer has been named 
sales manager Grayson Controls Di- 
vision, Robertshaw-Fulton Controls 
Company. Mr. Jacobsmeyer, formerly 
district sales manager for Grayson Con- 
trols, replaces Beck who was 
named marketing vice president for the 
company. 

Rosemarie Meyer has joined Wright 
Chemical Corporation’s research depart- 
ment staff microbiologist. She 
formerly was employed air con- 
ditioning equipment firm 


Company’s 


Philadelphia operations. 


its quality control department. 


When Was Zinc Chromate 
First Used 
Corrosion Inhibitors? 


Over years ago, 1947, Wright 
introduced the use zinc, for corrosion 
control, new Wright product called 
Penechrome Since then other Wright 
Penechromes, containing zinc chromate 
and organic additives, have proved 
years field service the greater effec- 
tiveness zinc-containing corrosion 
inhibitors. Wright research, always, 
will continue developing new ap- 
proaches the solution your water 


side corrosion problems. 


Ask about Wright Consulting Services. 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
633 WEST LAKE STREET, CHICAGO 6, ILLINOIS 
Offices in Principal Cities 


Softeners, Filters and other Treating Equipment 
Nelson Chemical Proportioning Pumps 
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Neil Culp and Samuel Purdy have 
been the Carpenter Steel 
Co., Reading, Pa. supervisory posts 
the metallurgy department. Mr. Culp 
supervisory metallurgist-alloy de- 
velopment, responsible for research 
and development tool and alloy, high 
temperature alloy, stainless and mag- 
netic alloy steels. Mr. Purdy super- 
visory metallurgist-metallography 
lographic activities the Carpenter Re- 
search Laboratory. 


have been promoted district managers 
industrial tar products sales. Mr. 
Mitchell will cover the Western part 
the S., with headquarters Chi- 
cago. Mr. Labaugh will handle sales 
the Eastern part the country, with 
offices New York City. 


Leave absence has 
Lambert Lind, Jr. from Ebasco Serv- 
ices Inc. that might work with 
now special assistant Roy 
Johnson, director the Advance Re- 
search Projects Agency which was es- 
tablished recently meet the needs 
the nation’s space conquest pro- 
gram. Mr. Lind was principal electrical 
engineer witth Ebasco’s design and con- 
struction division. 


John Buckley the newly appointed 
vice president charge all company 
divisions Bishop Co., Malvern, 
Pa. will continue serve his 
capacity general operations manager 
for all company plants. 


William Reich has been named man- 
ager the Engineering Section 
General Electric Company’s Metallurgi- 
cal Products Department Detroit. 
will responsible for all Carboloy 
cemented carbide engineering operations 
the department, including engineer- 
ing consultation, administration, advance 
engineering, applied mechanics, products 
design and products development. 


Frederick Close has been named 
general manager the sales develop- 
ment and commercial research divisions 
Aluminum Company America. 


Charles Beeghly has been elected 
executive vice president Jones 
Laughlin Steel Corp. also di- 
rector Jones Laughlin. 

Marc Darrin, former associate director 
research for the Mutual Chemical 
Company America, has retired after 
years the chemical industry. 
author more than 100 published 
articles wide variety chemical 
subjects, and holds more than 
and foreign patents. member 
National Association Corrosion En- 
gineers and served the association’s 
editorial review sub committee. 

Baudoin joined Odis Galloway 
Co., Inc. recently sales engineer, rep- 
resenting the firm Louisiana. The 
firm applies internal and external coat- 
ings plastics tubing, pipe and 
other equipment, specializing petro- 
leum industry work. 


Ottmar Tishlarich and George 
Schaefer, two veteran employes 
Byers Co. have retired. Mr. Tish- 
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with Galloways 


PROVED HIGHER QUALITY thoroughbred products are the 
very finest phenolic modified epoxy resins, developed and applied provide 
your tubing with better protection and longer service. Triple inspections insure 
painstaking metal preparation, uniform 8-mil coating, and perfect, slow curing. 
Galloway’s improved baking techniques mean tighter plastic-to-steel bond and 
heat resistance 350°F. 


REAL SERVICE service includes free counseling your crews 
until they gain experience handling plastic-coated tubing, free transportation 
your tubing our trucks (ask our representative explain), and free stor- 
age your tubing, with monthly inspections and complete weatherproofing. 
For nominal charge, Galloway will subject your tubing optiscope survey, 
magnetic particle examination, mechanical thread inspection, and hydrostatic 
pressure test. 


LOWER still maintains the most reasonable rates this 
specialized industry. Galloway’s PIPE GUARD superior material, precision 
processed, with honest service increase price! 


Galloway’s PIPE GUARD has been tested major companies the labora- 
tory and the field. Ask for proof! Return the coupon for complete data 
Galloway’s PIPE GUARD today. 


COUPON 


Please furnish complete information Galloway’s PIPE GUARD 


Company 


THE ODIS GALLOWAY COMPANY, INC. 
Address 


HOUSTON LAFAYETTE BEAUMONT 
2411 Times Blvd. 100 Maurice St. 1601 Cedar, Box 2343 
3-4025 5-3252 8-1800 
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Ira Kukin now research director 
the Belleville, plant Sonne- 
born Sons, Inc. his new position 
will charge research and de- 
products for the company. 


McNeilly now works manager 
for Tube Reducing Corp., Wallington, 
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larich was assistant the general super- 
intendent and plant engineer the 
Company’s Pittsburgh plant, and Mr. 
Schaefer was night superintendent 
the same plant. 


—NATIONAL ASSOCIATION 


the age 65. 


1916. Mr. 


MILES 


CORROSION 
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Plants under his supervision make 
Niphos-process corrosion resistant coat- 
ings and manufacture cyl- 
inder-finish seamless tubing. 


Munnikhuysen, retired from the 
chairmanship the board directors 
Koppers Co., Inc., Pittsburgh, Pa. 
member the board and will continue 
Fred Foy who will hold the dual 
position chairman the board and 
president the company. 
huysen has been with the company since 
Foy joined Koppers 1948 
vice president and manager the 
headquarters sales department. 
company has formed two new divisions. 
David Eynon, Jr. will become vice 


MILES 
MILES 
MILES 
MILES 
MILES 
MILES 
MILES 


ABSOLUTELY NO-COKING PERFORMANCE 
Perrault-American Tar-Heating 


Kettles 


Full-Coverage mat-bar agitator 


Full Insulation for Fast, Econom- 
ical Dope melting 


heating kettles give contractors 
the most economical, rapid, main- 
tenance-free service. Agitator ac- 
tion complete fast enough 
keep all material from burn- 
ing, but does not “whip”. Drain 
valve inside kettle eliminate 
pre-heating. Diesel fuel grav- 
ity-fed with pump required. 
Fuel tank capacity gal. 
Other sizes, well patch pots 
and burners available. Write 
phone for complete details. 


EVERY THING FOR 
THE PIPELINER! 


Line Traveling and Stationary 
Coating and Wrapping Ma- 
chines, Cleaning and Prim- 
ing Machines, Pneumatic 
Clamps. American 
Tar-Heating Kettles, Patch- 
pots, Burners, parts and ac- 
cessories. Esco Digging Teeth 
Pipe Protection Materials 
Kraft, Asbestos Felt, Glass 
Wrap and Rock Shield. Gen- 
eral Blocks, 
Line-Up Clamps, Sling Belts, 
Cradles, Hand Tools, mater- 
ials, supplies and equipment 
for the Pipeliner. 


Mr. Munnik- 


The 


president and general manager the 
new plastics division, and Keel- 
ing Jr. will hold the corresponding posi- 
tion heading the new chemicals and 
dyestuffs Koppers has only 
recently put into operation plant 
make high-density polyethylene and 
styrene will into operation 


Donald Meserve, product manager 
Corp., was recently elected chairman 
the Vinyl Dispersion Division 
Society the Plastics Industry, Ine. 
The group working with the 
Standards and the American 
Society for Testing Materials develop 
standard test procedures used deter- 
mining the quality 
such dispersions. 

Dressel, the Tretolite Co., di- 
vision Petrolite Corp., has been as- 
signed head the company’s new field 
service laboratory recently completed 
Odessa, Texas. 

Miro Grottger has joined the In- 
dustrial Finishes Co., Philadelphia, 
vice-president and director research. 
Mr. Grottger the developer pro- 
tective and decorative coating for con- 
duit for carrying wire. The hard smooth 
coating corrosion resistant and facili- 
tates insertion the wire the con- 
duit. has had extensive experience 
education and technical societies. 

Warren Brown, Alan Canham, 
and Lee Douglas have received pro- 
motions with Chemical Linings, Inc., 
Watertown, Mr. Brown has been 
named chief engineer for the firm. Mr. 
Canham has been appointed assistant 
the president. Mr. Douglas been 
appointed manager Chemical Linings 

Alfred Daech has been named group 
leader the research and development 
laboratory the Carboline Co., St. 
Louis, Mo. This group engaged 
development work surface coatings 
with vinyl and urethane materials. 

Lawrence Bennett has joined the 
metal physics section the National 
Bureau Standards’ Metallurgy Divi- 
sion the leader project concerned 
with fundamental investigations the 
electronic properties metals. 

Ross Gilmore, president the Su- 
perior Steel Malleable Castings Co., 
Benton Harbor, Mich., took office 
president Steel Founders’ Society 
America for the 1958-59 term the 
56th annual meeting the society held 
the Drake Hotel, Chicago, March 
and 18. 

Frank Bright has been appointed sales 
manager Standard Magnesium Corp., 
Tulsa, Okla. had previously been 
sales manager for another firm and 
prior that was the faculty the 
University Tennessee. Standard Mag- 
nesium Corp. makes magnesium anodes 
for corrosion protection. 

Roy Super now industrial sales 
representative for Napko Paint 
technical representative will consult 
with industries proper paint appli- 
cation, Mr. Rench said. Mr. Super and 
Mr. Rench are members NACE, 
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Surface Preparation Key 


Coatings Life 
Underwater 


ORE THAN years’ experience 
riveted steel flood gates proves 
good surface preparation basic 
rerequisite satisfactory coating per- 
ormance, 
This truism illustrated experi- 
1931-34 with sluice gates each 
aving 1800 square feet exposed sur- 
upstream. These gates were 
with linseed oil base red lead 
coat, second coat red lead 
and final coat cheap bituminous 
product after cleaning with mechanical 
brushes, 1934 all gates were severely 
pitted test was made so- 
called superior Few syn- 
ihetics were available then. After 
ear, trace any these coatings 
could found the gate surfaces ex- 
posed trash, wave action and pack 
ice Susquehanna River water. 


Sand-Blasting Tried 


surface preparation the 
tests had been mechanical wire 
and scrapers, was decided 
try sand-blasting. This brought encour- 
aging results the form three and 
year life for coatings which for- 
inerly disappeared one year. 

Although this improvement was wel- 
comed, further tests were made 1941 
which sand blasted surfaces were 
treated with phosphoric acid base in- 
This further improved service 
with some types coatings. The com- 
bination sand-blasting and inhibition 
increased five six years the service 
life coatings which formerly had 
lasted only one two years. 


Serious Testing Started 


Following conference with experts 
coating problems 1937, several 
systems recommended experienced 
engineers were tried without success. 
Since that time expanded program, 
using different 
methods and materials brought 
under test almost every known type 
coating. Few these can rated 
entirely satisfactory for the service. 

one time, when the problem 
seemed impossible solution, tests 
were started applying stainless clad 
plates the gate surfaces. While the 
material proved satisfactory, the cost 
coatings. 

*% Extracted from a paper “Corrosion Protec- 
tion of Power Plants by Organic Coatings,” 
by P. M. Hess, Safe Harbor Power Corp., 
Conestoga, Pa. given at a meeting of North- 
east Region, National Association of Corro- 
sion Engineers, Pittsburgh, Pa., November 
12-14, 1957. 


Experiments were started the late 
1920’s with sprayed metallized 
trash screens the Holtwood plant 
the Pennsylvania Water and Power Co. 
Very poor results were obtained and 
further use was abandoned. 1935, 
however, because the method metal- 
lizing had been improved, test panel 
with 0.010-inch zinc was exposed and 
after two years looked promising 
that entire 1800-square-foot surface 
one flood gate was sprayed. 


Galvanic Corrosion Stopped 


After several years’ exposure was 
learned that failure the metallized 
coating the vicinity the verti- 
cal bronze gate seal could stopped 
applying synthetic coating for 
distance four feet over the ad- 
jacent the seal. 

Because the ultimate life the metal- 
lized surface was not known 
cause the relatively high cost the 
application, search continued 
ter methods. After years testing 
was learned that phenolic base, prop- 
erly proportioned zinc oxide 
paint and modified alkyd base red 
lead paint provided almost complete 
protection against corrosion for years 
when applied over sand-blasted and in- 


TABLE Painting Costs 
Riveted Floodgate 


(Gate measures 1800 sq. upstream 


side only) 
TOTAL COST DOLLARS 
Item Material Labor Total 
Sandblast $ 90 $260 $350 
Inhibit 15 35 50 
Paint-3 coats 
sprayed 65 135 200 
Miscel* 
Total $180 $470 $650 
Percent Total 100 
PER SQ. FT. 
Sandblast .05 | $ 8.145 .195 
Inhibit .008 .020 
Paint-3 coats 
sprayed .035 
Miscel* .022 .028 


*Metallizing of rivet heads is fachednd in mis- 
cellaneous. 


This analysis covers a total of 26 gates or 
46,800 sq. ft. of surface painted over a period 
of 13 years. The costs are based on present 
day prices for material with labor cost figures 
at an average of $2.00 per hour. No charge is 
made for compressed air used for blasting or 
painting. At an average 10-years’ service, the 
cost per flood gate is only $65 a year. 
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Abstract 


Sand-blasted surfaces inhibited phos- 
horic acid or wash primers extend 
rom one or two years to five or six 

years the life of coatings applied to the 
upstream side of sluice gates in Susque- 
hanna River water. Tests. over more 
than 20 years using various surface 
preparation and application methods 
and almost every known type of coat- 
ing indicate best service (10 years) is 
achieved from a system using sand- 
blasted surfaces, phosphoric acid in- 
hibition and a phenolic base, zinc dust- 
zinc oxide paint and a_ modified alkyd 
base red lead paint. It is desirable, 
however, to metallize rivet heads before 
painting. 

Tests with vinyls started in 1945 in- 
dicate these materials give results as 
good as the metallized-phenolic-alkyd 
combination, even on _ rivet heads. 
Vinyls have bright future for this type 
of service. 

Check application methods indi- 
cate hot spray has merit and that coat- 
ings applied by roller are as good as 
brushed or sprayed coatings, especially 
around rivet heads. 5.4.5 


hibited surfaces. Neither these prod- 
ucts, however, protected rivet heads for 
more than five years. 

When the rivet heads are zinc metal- 
lized, protection for years achieved. 
Because this procedure was 
adopted whereby all rivet heads were 
metallized before application the 
coatings, regardless painting meth- 
ods. The combination metallizing and 
coating system then made possible 
maintenance program requiring paint- 
ing only three gates year. 


Vinyls Prove Best 

Twelve years exposure vinyl 
protected surfaces have proved that 
these materials are good protection 
vinyl-type system consisting one 
prime coat (not wash primer) was 
brush applied and four body coats and 
two seal coats were applied spray 
over 250 square feet. Although costly 
that time, this has proved the 
years since highly satisfactory 
protection. 

Tests have been expanded com- 
pare vinyl-protected 
protected rivet heads. Improved ma- 
terials, application methods and lower 
costs the years since indicate vinyls 
have bright future. believed they 
may change the whole painting proce- 
dure the sluice gates because multi- 
ple coats can applied single day 
and under much more adverse weather 
conditions than with phenolics. 

Experience has shown that fast dry- 
ing paints require best weather condi- 
tions, better surface preparation and 
proper timing application succes- 
sive coats. more than hours 
elapses between the second and third 
coats the top coats have tendency 
peel. This true especially the phe- 
nolic zinc oxide. adding 
the second and third coats (about the 
maximum possible avoid sagging) 
this tendency overcome. 

acid type inhibitor 
wash primer used cleaned surface 
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satisfactory weather apply the 
maining coats. Experience has 
that warm, dry weather essential 
that painting the area covered 
article should not begin before 
using phenolics alkyds. 


Application Methods Watched 

While experimenting over the 
with various types coatings, systems 
and application methods, close 
was kept the relative merits the 
various means whereby coatings 
transferred the surfaces. Inspections 
the gates revealed, for example, tha: 
brush application generally was 
overall spray application, but not 
much that its superiority 
the higher cost brush application. 

However, was demonstrated that 
brush application rivet heads gave 
better protection than spray during 
spray application man follows the 
spray with brush each rivet 
eliminate the bridging tendency coat- 
ings applied. 

Evaluation hot spray application 
aim tests panels exposed 
1955. The method being tried with 
phenolics, alkyds and vinyls well 
with red lead and aluminum vinyls 


MALONEY CROSSING INSULATORS have Quality Where Counts. 
engineering for effective service minimum cost; rubber and Hot Spray Has Promise 
Two years’ tests indicate the hot 
plastics compounds that provide trouble-free long life; and spray method has promise. Samples 
manufacture insure ample strength under the most adverse coated roller are equally good 
brushed sprayed samples with 
installation and operation conditions. advantage around rivet heads. Hot 
The three basic models designed Maloney engineers vinyls have 


Standard sizes range from two inch carrier all models, 


The exhibition scheduled held 


unlimited sizes steel-and-Neoprene, and inch carrier plas- New Orleans October 21-23 during the 
South Central Region’s Conference 
tics. There performance proven Maloney insulator for your the Roosevelt Hotel will the third 


crossing, even the carrier-casing differential only one pipe size. held the region. 


Put Quality Where Counts your crossings the ground, 


the job, with Maloney Crossing Insulators and Casing Seals. 


How You Can Get Copies 
Conference Papers 


Technical papers presented during the 
14th Annual Conference San Fran- 
cisco will published CORROSION 
approved the editors beginning 
with the April issue. Members the 
National Association Corrosion 
neers will, therefore, ultimately receive 
copies all papers approved for pub- 
lication. Because they are included 
CORROSION and are indexed topically 
and otherwise, the necessity main- 
taining separate files and indexes 
eliminated. 


Subscribers CORROSION also en- 
joy this same access NACE tech- 
nical material. 


SEND ‘EM HOME STYLE 


The Maloney Texas Steer makes the toughest part 
the crossing easier. Temporarily installed the casing, 
the Texas Steer makes possible faster insertion the 
prepared carrier section without damage pipe-wrap, 
and eliminates hanging-up insulators. Saves valu- 
able hours and material. Available direct purchase 


TEXAS STEER one several lease plans. 


addition conference papers COR- 
ROSION also publishes technical mate- 
rial originating regional and sectional 
meetings and sent NACE authors 
seeking effective medium for presen- 
tation their work. 


COPIES CONFERENCE PAPERS 
ARE AVAILABLE FROM CENTRAL 
OFFICE NACE. 


HOUSTON TULSA LOS ANGELES PITTSBURGH 


YOUR DISTRIBUTOR 
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32-A Hanley Industrial Ct. 


TECHNICAL TOPICS 


For general maintenance work, corrosion authorities agree that coats 
mils minimum thickness are essential for good protection and economy. 
Three coats, including corrosion resistant primer, tend eliminate porosi- 
ties often found heavy-thickness single coat systems. 


Carboline’s all-vinyl maintenance system has been service-proven 
exceed these requirements and assure better chemical resistance acids, 


alkalies, water and weathering. 


The Carboline CS-200 system mils): 
Rustbond Primer good edge coverage, reduces undercutting, bonds 
tightly wire brushed steel. Dries fast, speeds applica- 


tion. 


Polyclad economical, high build intermediate coat formu- 
lated for better resistance penetration than heavily 


filled vinyl mastics. 


Polyclad seal coat with outstanding resistance chemi- 
cals and weathering. 


Use Engineering Approach—compare solids content, coverage per 
gallon, mil feet per gallon, mil thickness per coat, resistance corrosive, estimated 
recoating cycles, COST PER SQUARE FOOT PER YEAR SERVICE. It's the soundest 
method determine the most effective, economical corrosion protection. 


WRITE TODAY for bulletins and specifications CS-200 Main- 
tenance System. Also, request our precision wet film thickness gauge—no oblication. 


SALES OFFICES: 
Boston, New York, Philadelphia, 
Pittsburgh, Detroit, Chicago, 
Houston, Denver, Los Angeles, 
San Francisco, Toronto, other lead- 
ing cities. 


Manufacturers 
PHENOLINES and 
CARBOMASTICS 


St. 17, Mo. 
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Service Life and 
Relative Cost Data 


Reinforced Epoxy 


Abstract 


Data are presented on experience with re- 
inforced epoxy pipe transporting numerous 
acids, alkalies and bases at various con- 
centrations, pressures and _ temperatures. 
Tabulated are relative service life and 
relative cost versus service life against 
materials for which reinforced epoxy pipe 
has been substituted. Comparisons are 
made with aluminum, brass, glass, rubber, 
steel, stainless steel, several plastics other 
than epoxy and asbestos cement. A list of 
applications in which the material is being 
used is given and a short schedule of 
known failures, together with reasons for 
failure and remedial measures are included. 


ECORDS show that roughly 

inforced polyester pipe still use 
today where the replaced material failed 
tions were oil fields for salt water 
disposal, sour crude oil gathering and 
some few chemical disposal applica- 
tions. Because there were failures with 
this material and there was 
limitation types applications, 
1953, 1954 and part 1955 were de- 
voted research and dev elopment. This 
and new ideas concurrent with the 
availability better materials resulted 
epoxy pipe reinforced with braided 
glass sleeving. 

Test installations epoxy pipe began 
1954-1955. Some these short sec- 
tions are still test and all served 
evaluate pipe physicals before and after 
exposure. July, 1955 the first com- 
plete installation 3460 feet oil well 
production pipe was made 
water disposal well. The user reports 
paid out years compared the 
material replaced and service al- 
most three years today. certain the 
tubing looks and will test like new 
today, with percent its original 
characteristics. has lasted almost 
three times long the cement lined 
steel formerly used. 

Acid has been used many times 
the tubing keep the formation open. 
has not been necessary pull and 
clean the well Casing the well 
has been preserved kerosene the 
annulus. 

Table lists several outstanding cor- 
rodents wide range installations 
whose service history known. Tem- 
perature ranges and pressure given rep- 
resent the minimum and maximum 
Maximum operating conditions are 
given also for each category. Examples 
cited not necessarily represent the 
ture 

Out 381 typical corrodents, 

(Continued Page 116) 
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*% Extracted from a paper entitled ‘An Appli- 
cation File on Reinforced Epoxy Pipe,’’ by 
H. I), Boggs and E, D. Edmisten, Fibercast 
Co., a Division of The Youngstown Sheet 
and Tube Company, Sand Spring, Okla. 
presented at the 14th Annual Conference, 
National Association of Corrosion Engineers, 
San Francisco, Cal., March 17-21, 1958: 
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TABLE 1—General Experience Data Reinforced Epoxy Piping 


Material Transported 
(Conc. %) 


Acids: 

Sulfuric, 10-50.............. 
Hydrochloric, 37..........+. 
Adipic acid solution?........ 


Fatty Acid, 10-30 .......... i 


Phosphoric, 40-79........... 
Hydrofluoric, 10-30......... 
Phenol 


RANGES MAXIMUM EXPOSURE 
Service Conc. 
Deg. F. psi Months! | Percent Deg. F psi 


100-290 
260 

180 
60-260 
120-300 
270 
100-250 
200-300 
100-300 
75-260 


50-190 
50-200 
0-200 


240 
190 300 
180 110 
190 200 
180 300 
270 175 
175 
260 
175 


100-160 


Alkalies: 
Ammonium hydroxide, 20... . 80-180 50-120 8 20 180 75 
Sodium hydroxide, 20...... 100-250 30-150 6 50 230 40 
Cc hlorine, 60 25 20 60 25 
90-120 35- 75 30 120 70 
Salts: (Solutions) 
Aluminum sulfate........... 100-220 150-275 14 220 200 
Ammonium sulfate.......... 75-280 30-300 13 200 150 
Ammonium nitrate.......... 50-250 0-200 17 190 200 
Calcium chloride............ 150-325 0-175 13 325 175 
Culric 50-200 35-— 90 15 150 75 
Stannic chloride............ 160 300 20 160 300 
Sodium bicarbonate...... ' 100-200 50-500 | 26 180 300 
Solvents: 
Alcohols, methyl............ —40-120 50-175 15 —40 150 
Carbon tetrachloride. ....... 80-150 175-300 19 80 300 
60-200 15-700 130 275 
Trichloroethy lene. rer 50-170 20- 75 15 160 25 
Industrial Fluids: 
100-200 | 10— 50 14 17 130 50 
190-260 50-130 10 215 20 
20-120 20 30 120 20 
Organic | 
Too numerous to mention... . 30-320 | 0-1000 


1 p to December 


-10% adipic, 20-45% sulfuric, plus organics. 


3 3 With 200 ppm H2S. 


TABLE 2—Cost Reinforced Epoxy Pipe Other Materials 


cin Epoxy Pipe Still | in n Service) 


MATERIAL 


Epoxy Pipe (200 psi) 


Epoxy Pipe (300 psi) . 


Epoxy Pipe (500 psi) . 
Aluminum 
ass 
Low-Pressure Filled Phenolic . 
Rubber Hose....... 


Steel: 
Schedule 40 Cement Lined. 


Schedule 40 Galvanized....... 


Schedule 40 Plastic Coated? 


Stainless 


Stainless 316-40. . 


Butyrate (Slip Type)........... 


ABS Plastics: 


Acrylonitrile Resin-Rubber Blends— 


(Slip Type). . 


P. oly vinyle hloride: 


Schedule 40. 


Schedule 80... y 


Asbestos: 


per 100 Feet 3-Inch Nominal Cause 
of 
| Initial ‘Comparative Life! Failure 
82.95 319 26 Corrosion 
333.00 449 74 Corrosion 
1,400.00 4,230 33.6 Breakage 
492.00 732 67.1 Corrosion 
658.00 3,135 21.0 Corrosion, 
Excessive Pressure 
75.15 826 09.1 Corrosion 
91.93 598 15.3 Corrosion 
108.16 974 11.1 Corrosion 
99.28 310 32.0 Corrosion 
772.00 2,480 31.1 Corrosion 
1,121.00 3,280 34.2 Corrosion 
69.15 2,165 03.2 Excessive pressure 
Surge pressures, 
Structurally weak 
70.04 | 4,220 01.7 Excessive pressure, 
| Excessive heat 
168.75 1,112 15.2 Excessive pressure, 
Surge pressures, 
| Structurally weak 
217.62 1,259 172 Excessive heat, 
Structurally weak 
87.00 | 450 19.3. | Corrosion 


1 Using epoxy pipe life up to date of report asa hase of 100, yeleolve service life of materiale jee white hi it was 


substituted are given as pe rcentages of the service life of epcxy pipe. 


Epoxy pipe life extends from instal- 


lation date indefinitely because it all is still in use, therefore life percentage of competing materials is declin- 
ing and their relative cost increasing. 


Modified phenolic epoxy coating, heat cured, internal only. 


Vol. 


A q 
: 0-500 q 
5 
6.6.8 
‘ 
q 
st 
| | | 


VISTO OOO 


May, 1958 


Viscosity (cps.) 


(Gardner) 


000 


Max. 


TECHNICAL TOPICS 


332 334 


179 Max. 


6400 Max. 


Max. Max. 


New Dow epoxies feature liquid resin 


Dramatic evidence the striking clarity and purity Dow 
Epoxy Resin 332—unique member Dow’s new line 
liquid epoxy resins—is shown the illustration above. The 
magnifying lens was actually cast from this new water- 
clear resin. addition improved clarity and uniformity, 
DER 332 has very low viscosity, longer pot life and greater 
heat resistance than conventional epoxies. 


Also available, for formulations where absolute purity not 
important, are Dow Liquid Epoxy Resins 331 and 334. 


Dow’s position basic producer all epoxy raw ma- 
terials assures top quality control and narrower range 


specifications. will also enable Dow introduce, the 
near future, complete line solid epoxy resins and new 
line polyfunctional liquid epoxy resins outstanding 
high temperature service. 

Prompt delivery these three Dow Liquid Epoxy Resins 
can made drums, truck tank car lots. For more in- 
formation contact your nearest 

Dow sales office write THE 

DOW CHEMICAL COMPANY, Mid- 

land, Michigan, Coatings Sales 

Dept. 2259R. 


YOU CAN DEPEND 


q 


POLYETHYLENE 


now comes to you with a permanently 


impressed brand not only on NSF pipe, 


is used it can be quickly and positively 


identified because SOUTHWESTERN'S 


name won't rub off. 


Tested and proven thousands appli- 


confidence when it is sold to your trade. 
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forced epoxy pipe has sound service 
214 temperatures through 260 

Table was compiled taking spe- 
cific cases—the outstanding case for 
particular piping material which rein- 
epoxy pipe replaced—and then 
computing the relative cost, based 
first cost, factored comparative serv- 


stallation has outstanding condition, 
either structural environmental, 


match the new installation needs, such 
valves, packers, centralizers, etc. are 
being developed conjunction with 
manufacturers who know their require- 
ments. 

far installation factory made 
reinforced epoxy pipe has been retired 
from service. Considerable footage has 
been placed service the last six 
where experience not yet rated. 
the economics are more generally un- 
derstood, and epoxy pipe comes 
closer proving and 10-year life, 
replacement even 5-year life expect- 
ancy material will made substan- 


were published. 


TABLE Applications 
Reinforced Epoxy Pipe 


OIL GAS INDUSTRY 


1. Salt water disposal wells. 
a “Balanced Column’’—Open end. 
b ‘‘Packer Method’’—Retrievable or non-re 
trievable. 
2. Combination injection-disposal wells. 
3. Pumping Wells—530’ to 2000’, with anchor. 
4. Mud anchors—bottom joints on steel tubing, be 
low pump. 
5. Gas aeration wells—for water supply wells. 
6. Electrical pump supply wells—to supply injectio: 


service these factors will change Surface lines where paraffinic action severe 
favor reinforced epoxy pipe. steel. 
Table gives useful data the kinds battery hook-ups, complete pre-fabricatec 
applications that have been made 10. Water towers, heat exchangers 
with reinforced epoxy pipe. heater-treaters. 


11. Gas transmission lines. 
12. Electrolytic insulators. 
13. ‘“‘Shot-Hole”’ casing for exploration crews. 
14. Antennae for sound and recording trucks. 


Failures due product weakness Acid lines for workover operations. 
ttacks corrodents have affected floats for control 
attacks 17. Liquid petroleum gas—LPG. 
than 0.01 percent all epoxy pipe in- Road crossing conduit. 
COURSE! stalled. These are reported Table Oil well full-diameter core storage 

Corrective action was taken and sub- Injection lines both input and output sides 

And have good name, too! stantial improvements realized. Items pump. 


CHEMICAL INDUSTRY 


1. Chemical disposal wells. 

2. In-plant piping transporting numerous fluids. 

3. Slurry lines to resist mechanical abrasion. 

4. Overhead lines, where continuous support was 
necessary with other materials. 

5. Plant lines, where insulation was necessary to 
prevent condensation. 

6. a line, where external corrosion was a prob- 
em. 

7. Agitators for dump pits. 

8. Sparger tubes for steam-heating fluid tanks. 

9. Plant lines where plugging or steaming was nec- 
essary to remove buildup. 

10. Sulphur recovery tubing. 

11. Tubing for salt mining. 


MISCELLANEOUS INSTALLATIONS 
1. Electro-Stabilizers. 
2. Insulators for transformer handles. 
3. Electrical fuse bodies. 


TABLE Epoxy Pipe Failures, 


Line 


120 | Beam failure in 


Causes and Remedies 


snaked"’ in conduit sufficient 


| 
P Pressur | 
THYLENE PLASTIC PIPE merits your (peig.) Deg. F | Failure Cause Remedy 


After correction no further 


Vol. 


During 1957 over 140 discussions Vacuum 
SOUTHWESTERN POLYETHYLENE technical material in CORROSION 6. Pickling acid lines in steel plants. 


890 

| to cause beam failure at upstream trouble. 
end of conduit in one joint during 
800 Ib. test. This line was pressure 
loaded without backfilling and op- 
erated for 12 hours before uncoil- 
| ing. Proper backfill on joint body, 
collars clear, would have 
| prevented. 


from 400’ steel 


| line protruding | 
| } 
conduit. | 


SEND THE COUPON TODAY | 
FOR ADDITIONAL INFORMATION. 


Mail Today! 


{A 1 , 75 220 | Pipe “‘wept"’ after | Badly crazed interior caused by | Better quality control of 
cS Gentlemen 30 day opera- “force Fitting’ the installation us- fittings has assured 
‘i Please send me additional information tion. ing a brick as a hammer. proper clearance. After 


correction further 


Please have APPLICATION ENGINEER call trouble. 


590 | 110 Burst type failure | Exterior surface damage caused dur- 
| of one joint after | ing LTL shipment and improper 

| six weeks’ oper- inspection at installation. 
| ation. Four 
joints damaged 
| | in shipment, all 
from same pack- 


75 


Line installed between lead lines and 


"New method of packaging 
and shipping instituted. 


” 5 220 Flange was forced Increased shear resistance 
Use Southwestern ..to be previ over pipe body as temperature increased the ex- of flange by changing 
in compression. pansion of lead caused shear joint configuration within the 


tailure the flange. body. Developed more 
efficient high tempera- 
ture cement which cor- 
| rected the problem. 


800 | Ambient) Weep failure atier Factory flaw overlooked in inspec- 
six months’ op- tion. Glass braid exposure due to 
eration, damage to the braid in handling. 

Failure occurred where braid was 
J displaced. | 


Joint replaced. 


5-3344 
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TECHNICAL TOPICS 


For better, longer-lasting protection—paint with 


Humble’s protective coatings 


refineries and chemical plants 
where strong acids, alkalis and salt 
sprays produce severe corrosive 
conditions, Humble’s 
coatings can save you hundreds 
dollars corrosion damage. Hum- 
ble’s protective coatings contain 
rust-preventing ingredients that 
not only provide surface protec- 
tion, but also neutralize any 
corrosive substances that may get 
through the surface protection and 
attack the metal. And they give 
excellent resistance weathering, 
plus good color and gloss retention. 

Originally developed protect 


Humble equipment, Humble’s pro- 
tective coatings have proved their 
value through years extensive 
use, and are now marketed the 
world over. Included Humble’s 
complete line protective coat- 
ings are vinyls, 
epoxies, phenolics, enamels and 
others. These coatings are avail- 
able wide range finish 
colors. 

Without cost obligation, one 
Humble’s trained engineers will 
make thorough study your 
needs and recommend complete 
painting program for you. 


HUMBLE OIL REFINING COMPANY 


For detailed informa- 
tion how 
protective coatings can 
save you money, call your 
Humble salesman, 


phone write: 


Humble Oil Refining Company 
Sales Technical Service 

Box 2180 

Houston Texas 


HUMBLE 
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FOR CORROSION-RESISTANT 
COATINGS 


Diminishing Cost Ratio 
Favors Baked Pipe 


principal reason for the increasing use 
baked coatings pipe the rapidly 
diminishing cost the coating versus 
cost the pipe. 1945 cost coating 
almost equalled cost pipe, but pres- 
ent, seen the table below, this ratio 


TABLE 1—Cost Baked Coatings Pipe 


coating cost pipe rapidly 
down. 


% Extracted from ‘“Baked-on Plastic Coatings 
and Rubber Linings,’ by Cordell Garner, 
Plastic Applicators, Inc., Houston, presente! 
at a meeting of South Central Region, Na- 
tional Association of Corrosion Engineers 
Oklahoma City, Okla., October 1-4, 1957. 


PROVEN THE 
PROCESS INDUSTRIES 


STEEL TANK LINING 
CONCRETE TANK LINING 


PROTECTION STRUCTURAL 
STEEL, FUME DUCTS AND 
EQUIPMENT 


CONCRETE FLOORS 
TANK CARS 


COST 


Coating % | 
vs. Pipe 


DESCRIPTION 


J-55, 4.70#, 8 Rd 

N-80, 4.704, 8 Rd 

P-105, 4.704, Int. Jt 
| J-55, 6.504, 8 Rd 
N-80, 6.504, 8 Rd 
P-105, 6.50#, Int. Jt 
P-105, 7.904, Int. Jt 
P-105, 11.654, Int. Jt 


| 


Are You Doing Research Corrosion? 
will pay you investigate the NACE Abstract Punch Card 
Service. Write 1061 Houston Texas for more 
details. 


Pipe/Ft. 
$0.6683 


Coating /Ft. 


PLASITE Protective Coatings are 

formulated with combination TECHNICAL 

ant achieve Unit Committee Oilfield Structural 
ighest possible REPORTS Plastics. Per Copy $.50. 

tance. 


Epoxy Polyurethane Oilfield Structural Plastics. Per 


Phenolic Polyamid Copy $.50. 
Furane Chemical Rubbers Corrosion Oil and Structural Plastics Test Data 


Gas Well Equipment Structural Per Copy 


COLD SET COATINGS T-1A Survey Corrosion Control Cali- 


Summary Data Use Struc- 
tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 


Service Reports Given Oil Field 
Plastic Pipe. Activities Report of 


Reports to Technical Unit Commit- 
tee T-1J Oil Field Structural 


HEAVY BUILD using spray 
brush methods. 

WIDE CHEMICAL RESISTANCE acids, 
caustic solvents, salts, de-ionized 
water, and aqueous solutions. 

HIGH TEMPERATURE RESISTANCE not 
affected thermal shock. 

AIR DRY field applications. 

EXCELLENT BOND Primers 
white metal blasted surface. 

HIGH BAKE COATINGS 
STRAIGHT, PHENOLICS 
EPOXY PHENOLIC 
PLASTICISED PHENOLICS 
CAULKING COMPOUNDS 
PRIMERS 
HIGH RESISTANT Quick drying. 


HEAT RESISTANT COATINGS 
Temperature 1200°F. 


ge 


information, etc. — with- 


out obligation. 


WISCONSIN 
protective 
coating 

COMPANY 
REPRESENTED PRINCIPAL INDUSTRIAL AREAS 


bulletin No. 258 with com- 


WRITE today for new 


GREEN WIS. 


fornia Pumping Wells. Report 
T-1A on Corrosion in Oil and Gas Well Equip- 
ment, Los Angeles Area. Pub. 54-7. Per Copy, 
$.50. 


Current Status Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
Sweet Oil Well Corrosion. Per Copy, $.50. 


T-1C Field Practices for Controling Wa- 

ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C Sweet Oil Well Corrosion, Compiled 
by Task Group T-IC-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members Per Copy. 


TP-1G_ Field Experience With Cracking of 

High Strength Steel in Sour Gas and 
Oil Wells. (included in Symposium on Sulfide 
Stress Corresion.) (Pub. 52-3) Per Copy, 
or more copies to one address, $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1G Hydrogen Absorption, Embrittlement 

and Fracture Steel. Report 
Sponsored Research on Hydrogen Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G on Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
Arnold Schuetz. Pub. 57-17. Per copy $2. 


T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00. 


T-1) Reports to Technical Unit Commit- 

tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
trujed from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyvinyl! Chloride. Publication 55-7. Per 
Copy $.50. 


Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report of NACE Technical 

Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


Service Experience Glass Rein- 

forced Plastic Tanks—Status Re- 
port NACE Technical Unit Committee 
Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A Report of 
NACE Technical Unit Committee T-1J 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. Report 
of T-1K on Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater thar $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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‘oatings 
Garner, 
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Films hot plastic are sprayed 

the interior surface each length 
pipe the spray lances travel its length. 
This “hot spray” process reduces 

the viscosity the plastic allowing 

flow freely into the irregularities the 
pipe surface. The heat also assists 
driving out the solvent from the applied 
coat more quickly. Optical inspection 

verify coating perfection performed 
every length. 


TECHNICAL 


Service Mark Reg. Pat. Off. 


Branch Plant Harvey, La. 


f 
5 
UBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE LOWER COST PER FOOT! 
‘ 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


3.C 
Pledge Renewed 
new 
Spring 1958 seems CPS particularly appropriate time 
e 
publicly restate—as pledge the industry whole and the 
Corrosion Engineer particular—those basic tenets which have 
well guided our course for twelve years... 
maintain the highest degree integrity while striving 
raise the ethical standards the profession; 
pioneer developing new techniques, new products, new 
principles the unending struggle against corrosion; 
provide high caliber engineering and installation service 
best suited the needs and economic interest the client; 
in 
tu 
value quality above profit, friendliness above formality, 
reputation above 
m 
WwW 
al 
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CHARACTERISTIC 
CORROSION PHENOMENA 


3.7 Metallurgical Effects 


The Plastic Ductility Austenitic 
Piping Containing Welded Joints 
son. Paper before Am. Welding Soc., 
Fall Mtg., Cleveland, October 8-12, 
1956. Welding J., 36, No. 89s-104s 
(1957) Feb. 

Objectives investigation were de- 
termine: low-ductility failure could 
induced Type 347 heavy-wall welded 
tubular joints under test conditions sim- 
ilar high temperature service; effect 
base metal grain size fracture duc- 
tility measured specimen elonga- 
tion; possibility metallurgical treat- 
ment which would improve hot plastic 
ductility across welded joint that 
would more receptive toward accept- 
ance additional plastic strain; and 
comparison Types 316 and 347 under 
similar conditions. AISI Type 316 and 
347 diameter bar stock were 
heat treated produce variation 
grain size, from which heavy-wall tubu- 
lar specimens were machined. Specimens 
were U-beveled, welded using different 
procedures and welded joints tested 
1440-1200 Tests were performed 
inducing thermal strain test section 
internally heating specimen 1440 
Ends were rigidly fixed, 
ture center section lowered 1200 
thus inducing mechanical strain. Speci- 
mens were reheated 1400 load re- 
leased and cooled room temperature 
for elongation measurements. Centerline 
fracture, weld heat affected zone fail- 
ures, stress-concentration failures and fu- 
sion-line failures were observed and dis- 
cussed. Tables, graphs, photomicro- 
13909 


3.8 Miscellaneous Principles 


3.8.4, 6.3.15 

Optical Properties and Oxidation 
Evaporated Titanium Films. 
Hass AND ALAN Engineer 
Res. and Dev. Labs., Ft. Belvoir, Vir- 
ginia. Opt. Soc. Amer., 47, 125-129 
(1957) Feb. 

Measurements were made the opti- 
cal constants and the reflectance and 
transmittance titanium films evapo- 
fused quartz and glass. 
order prepare pure titanium films with 
normal density, all depositions were car- 
ried out pressure p<5 10° mm. 
mercury and with deposition rate 
D>40 A/sec. The optical constants were 
determined Drude’s polarimetric 
method from opaque films the wave- 
The reflectance values computed from 
and agreed well with the directly meas- 
ured ones. The reflectance titanium 
was measured from 900 100 
300 thick films titanium were 
found have quite uniform transmit- 
tance throughout the visible spectrum 
and can, therefore, used neutral 
density filters. Three optical principles 
were used measure the oxidation 
titanium room temperature the 
rate oxidation titanium was found 
almost equal that aluminum 
(about oxide are formed one 
month). With increasing temperature, 
however, the oxidation titanium in- 
creases much more rapidly than that 
aluminum, (auth)—NSA. 13741 


3.8.4, 6.3.6, 3.2.3 
per and Oxygen During the Formation 
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Copper Oxide Layer. (In Russian.) 
Fiz.), 26, No. (1956). 
Micrographs showing the texture 
cuprous oxide layers formed various 
temperatures give support theories 
oxidation which require diffusion 
both copper and oxygen across the in- 
terface. Andrievsky and Mischenko in- 
vestigated the relative magnitudes the 
two diffusion coefficients: tempera- 
tures less than 1020 diffusion oxy- 
gen faster than the diffusion copper 
the opposite direction. the tem- 
perature oxidation raised more 
than 1020 the diffusion copper be- 
gins predominate and the higher the 
temperature, the larger the relative 
importance the diffusion copper— 
MA. 13497 


CORROSIVE ENVIROMENTS 


4.3 Chemical, Inorganic 


4.3.2 

Give Something Acid Han- 
dling. Resen. Oil Gas J., 55, No. 14, 
93-95 (1957) April 

Discussion problems corrosion 
factors acid handling. 
Problem acid was 
solved redesign acid- -proportioning 
pump and difficulties operation 
acid system were diminished use 
refrigeration gas pressure blowdown 
tanks. handling sulfuric acid, 316 
stainless used pumps, valves and bel- 
lows eliminated failures. Photos, dia- 
grams.—INCO. 14152 


4.3.2, 4.3.5, 6.3.10 

Behavior Nickel and Its Alloys 
Paper before Ist Congress European 
Corrosion, Paris, Nov. 1956. Corrosion 
Anticorrosion, 112-118 (1957) April. 

Data tabular form mechanical 
properties nickel, Monel, and 
Monel, 18% nickel silver, 18/8 and Has- 
materials and 18/8/3 molybdenum, 
chlorine, dry, slightly humid and gase- 
ous hydrochloric acid, aqueous solutions 
chlorine, hydrochloric solutions and 
hypochlorites discussed. Notes and 
data are given high-temperature at- 
tack fluorine and hydrofluoric acid 
nickel, Monel, Inconel, copper, alumi- 
num, Armco iron, steel, 18/8/3 molybde- 
num and 18/8 stabilized with mobium. 
Corrosion rates for Monel mixture 
hydrofluoric acid and water vapor and 
corrosion nickel, Hastelloy and 
iodine, bromine and 10% aque- 
ous solution bromine 


—INCO. 14209 


4.3.2, 5.4.8 

Problems Corrosion Protection and 
Materials Modern Acid Engineering. 
stoffe Korrosion, No. 11, 615-626 
(1956) November. 

Methods for protecting concrete and 
metals and characteristics and applica- 
tion protective coatings are discussed. 
Recent research acid resistant coat- 
ings, current types cement and putty 
and examples author’s development 
and research work acid engineering 
are reviewed, 13852 


4.3.2, 5.8.2, 6.2.5 

Corrosion Stainless Steel Con- 
taining 13% Chromium and Nickel 
Acids and Their Mixtures. \V. 


CORROSION—-NATIONAL 


ASSOCIATION 


CORROSION ENGINEERS 


Vol. 


AND Arch. Eisenhuttenw, 28, 
157-165 (1957) March. 

Study corrosion 13/8 chro- 
mium-nickel steel hydrochloric, sul- 
phuric and phosphoric acids and their 
mixtures. Effect organic and inor- 
ganic corrosion inhibitors discussed. 


—INCO. 14142 


Inhibiting Effect Hydrofluoric Acid 
Fuming Nitric Acid Corrosion 
Austenitic Chromium-Nickel Steels. 
AND JoHN 13, 
No. 321t-328t (1957) May. 

The rate corrosion welded and 
unwelded chromium-nickel steels, Uni- 
loy 19-9DL and 19-9DX 
alloy 321 fuming nitric acid the 
liquid and the gas phase was measured 
with and without hydrofluoric acid 
added corrosion inhibitor. Corro- 
sion this system interest be- 
cause its widespread use rocket 
propellant. The effect heat treatment 
the corrosion process was measured 
by performing tests on one set of sam- 
ples annealed 1800 and air-cooled 
and another series samples that 
had been work-hardened 
lieved 1200 general, samples 
the latter condition had the least cor- 
rosion resistance. was found that 0.6 
weight percent hydrofluoric acid fum- 
ing nitric acid inhibits both liquid- and 
gas-phase corrosion all cases which 
uncorroded metal was exposed the 
acid. Most the measurements were 
conducted 130 and 160 although 
few measurements were made 100 
determine the effect temperature 
the corrosion process. Inhibition was 
also effective with temperature fluctuat- 
ing between and 160 When the 
metal had previously undergone inter- 
granular corrosion, however, the pres- 
ence hydrofluoric acid fuming 
nitric aggravated the corrosive at- 
tack. 13933 


4.3.2, 6.6.6 

the Action Acid Solvents 
Certain Hard Silicides and High-Melt- 
ing Metals. (In German.) 
AND Planseeber. Pulvermet., 
No. 10-14 (1956) April. 

Tabulated data the solubility 
well metallic titanium, zir- 
tungsten various acid 

13882 


4.3.5 

Material Compatibility with Gaseous 
Lewis light Propulsion Lab. 
Aeronautics, Research Memo E56K21, 
January 23, 1957, pp. 

Static tests were made compatibil- 
ity gaseous fluorine with various liq- 
uids, waxes, plastics and 
(including flux silver-soldered cop- 
per-to-brass joint and stainless steel 
joint, slag stainless steel weld joint) 
pressures and 1500 psig and at- 
mospheric temperature. Several mate- 
rials were found compatible atmos- 
pheric pressure. Only Teflon and ruby 
(aluminum oxide) were compatible un- 

13828 


4.6 Water and Steam 


4.6.2 
Simplify Boiler Water Treatment. 
Phillips Petroleum Co. Petroleum 


Refiner, 35, No. 11, 193-196 (1956) Nov. 
Rational method for boiler saline 
ment prevent common 
associated with steam generation. 
the review are: prevention 
and condensate lines oxygen removai, 
carbon dioxide removal and 
and inhibitors for intercrystalline 
ing; prevention scale external 
water treatment (lime-soda, 
ion exchange) and internal treatme: 
(soda, ash, sodium hydroxide, 
phates, organics); and prevention 
carry-over due foaming and 
mechanical carry-over and carry-over 
steam solution. Several specific 
are cited. Tables, 


4.6.2 

Symposium Steam Quality. 
Special Technical Publication No. 192, 
December, 1956, pp. American 
for Testing Materials, 1916 Race 
Philadelphia Pennsylvania. 

Four papers presented 
June 21, 1956, steam quality are pre- 
sented: Measurement and Purification 
Steam 0.01 ppm Total Dissolved 
Solids, Gurney; Steam Purity 
Determination Trace Techniques, 
Comments Corrections Steam 
ductivity Measurements, Parker 
and Ziobro; Construction and Op- 
eration Larson-Lane Steam Purity 
and Condensate Analyzers, Sisson, 
Straub and Lane. 13482 


4.6.5, 3.8.4 


The Corrosion Iron High-Tem- 
perature Water. Part II. Kirkendall Ex- 
Corrosion, 13, No. 433t-436t 
(1957) July. 

Kirkendall-type experiments were car- 
ried out order identify the ion 
species diffusing through the magnetite 
film formed corrosion iron high 
temperature water. Iron disks were 
surface activity was measured. After 
corrosion the activity decreased. This 
decrease shown most readily 
netite formed iron ions 
ward from the metal-oxide interface 
the oxide-water interface. 13871 


4.6.5, 5.4 6.4.2, 5.3.2 


The Storage High Purity Water. 
585t-588t (1957) Sept. 

need developing industry for 
water higher and higher purity. the 
purity the water increases, the storing 
becomes increasingly difficult prob- 
lem. order mitigate this problem, 
investigations and appraisals new 
protective measures for existing steel 
tanks were made, and some were ap- 
plied actual installations. Protective 
coatings discussed include 
paint, metallic zinc paint, synthetic rub- 
ber, nickel-phosphorous-alloy coating, 
heavy electroplated nickel and metal- 
lized aluminum coatings. 

Aluminum, construction material 
for storage facilities, was evaluated 
laboratory and field tests. These tests 
resulted the construction four 
44,000-gallon 
Data were reported show the electri- 
cal resistance film developed 
3003 aluminum alloy tap water, dis- 
tilled water and demineralized water. 
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This superior inhibitor saves you money replacement corroded pipes and pumps, prevents schedule-shattering downtime for frequent maintenance. 


Seal closed re-circulating systems against costly corrosion 
with durable protective film Columbia-Southern Sodium Chromate 


One the most effective, yet low-cost 
corrosion inhibitors for metallic sys- 
tems found yet! Columbia-Southern’s 
Sodium Chromate solving expensive 
corrosion problems today air con- 
ditioning equipment, refrigerating sys- 
tems, diesels, cooling towers, heat ex- 
changers, boilers, marine engines, hot 
water heating systems, automobiles, 
pumping and stations. 
The durable protective film formed 
Columbia-Southern Sodium Chro- 


mate gives vulnerable inner pipe sur- 
faces true chemical barrier against 
corrosion. Straightaways, joints and 
turns get equal protection. And this 
film self-renewing long sufh- 
cient chromate present the solu- 
tion. Active chromate ions immediately 
rush seal any point the film 
scratched broken abrasion. 
Columbia-Southern’s quality- 
controlled Sodium Chromate pack- 
aged anhydrous powder 100 


bags and 200 fiber drums. Write 
our Pittsburgh address any 
our fourteen district offices for full 
use information. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY PITTSBURGH PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati * Charlotte 
Chicago ® Cleveland * Boston * New 
York © St. Louis © Minneapolis * New 
Orleans ¢ Philadelphia Houston 
Pittsburgh * Dallas ©* San Francisco 


IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 
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4.6.5, 6.4.2 


Corrosion Aluminum-Nickel Type 
Alloys High Temperature Aqueous 
Service. Krenz. Corrosion, 13, No. 
575t-581t (1957) Sept. 

Aluminum can made resistant 
high temperature water small alloy- 
ing additions nickel, iron and cop- 
per. the presence adequate con- 
centrations the cathodic second phase 
formed these additions, the high 
temperature attack changes from grain 
boundary penetration and blistering 
more desirable uniform overall attack. 
The latter causes two films 
formed the corroding surface, Film 
growing outward from the original 
surface and Film growing inward 
into the metal. Film reaches limit- 
ing thickness after 2-3 weeks 300 
but Film continues grow linearly 
with time. this stage the corrosion 
rate acceptably low (~1 10° 
inches/yr.) but the corrosion film 10- 
20r thick, relatively brittle and subject 
severe mechanical damage water 
flowing high linear velocities. Reactor 
radiation has insignificant effect upon 
corrosion. Heat fluxes the order 
100 watts/cm? also appear have 
effect, though this instance the effect 
may have been obscured mechanical 
damage. 

Extensive test data are reported 


the corrosion resistance high tem- 
perature water three 
lected aluminum alloys. 14197 


4.7 Molten Metals and Fused 
Compounds 


4.7 

The Effect Fused Lithium. Sodium 
and Potassium Nitrates Nickel, Cop- 
per, Duralium, and Some Steels 
Applied Chem., USSR (Zhur. 
Priklad. Khim.), 29, No. 1358-1365 
(1956). 


experimental determination the 
relationship between corrosion metals 
above salts and time and temperature, 
and the mechanism the salts’ ac- 
tion. tables, figures, references.— 

ATS. Translation available: Associated 
Services, Box 271, Fast 
Orange, New Jersey. 12814 


4.7 

The Attack Unstressed Metals 
Liquid Mercury. AND 
17-24 (1956) Sept. 

Saturated solubilities and weight losses 
room temperature most the me- 
tallic elements static liquid mercury 
were determined, well attack 
bright-annealed and unstressed commer- 


cial nickel, Inconel, Nimonic 75. 50-50 
nickel-iron, 25-20, 18-8, mild steel, iron, 


liquid mercury 300 and 500 for 
2000 hours. significant changes 
took place mechanical properties 
iron, molybdenum, some steels 
allovs after 2000 hours mercury 500 
Nickel suffered decrease maxi- 
mum stress, yield stress and elongation 
about 50%. Periodic table gives per- 
cent solubility metallic elements, in- 
cluding nickel, cobalt platinum 
group metals, liquid room 
temperature. Graph, tables, references.— 
INCO. 12965 


4.7, 3.6.5 
Electrode Potentials Fused Sys- 
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tems. Part III. The Platinum Electrode 

Chem., 60, No. 10, 1443-1445 (1956) 
ct. 

Galvanic chloride, 
potassium chloride; potassium chloride/ 
platinum, silver/silver 
tassium bromide/platinum, and copper/ 
cuprous chloride, potassium chloride; 
potassium chloride/platinum were stud- 
ied 800-900 degrees. The 
equilibrium operates the platinum 
electrode pressures near atmos- 
phere. 12952 


4.7, 5.8.2 

Inhibition Liquid-Metal Corrosion. 
Taytor. Gt. Brit. Atomic Energy 
Res. Establishment, Rept. Feb. 
10, 1956, pp. Photocopies available 
from Science Library, Science Museum, 
London, 

Seven types liquid metal corrosion 
are known, the most important being 
mass transfer and corrosion caused 
impurities (usually oxide). Inhibitors are 
classified either scavenging (capable 
removing undesirable impurities) 
diffusion barrier types (forming sur- 
face film the solid which prevents 
contact with the molten metal). Possible 
inhibitors for molten bismuth are con- 
sidered 12957 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.1, 5.4.5 


study Current Distribution 
Cathodic Protection. Cor- 
rosion, 13, No. 315t-320t (1957) May. 

analysis made the effects 
solution resistance and cathodic polar- 
ization the current distribution the 
cathodic protection metals. Two 
Kasper’s formulas relating the effect 
resistance are discussed. Hoar and 
Agar’s formula relating resistance and 
polarization current distribution, pre- 
sented background, was modified 
and used the basis partially quan- 
titative treatment the relative impor- 
influencing current distribution. 
shown that resistances can have much 
greater effect this respect than polar- 
ization. 

experimental method obtaining 
the current density various parts 
large cathode described and data 
obtained this method are presented. 
These show the distribution current 
large cathode sea water affected 
the magnitude applied current and 
shields around the anode. Solution 
resistances are calculated from the data 
aud compared with Kasper’s formulas. 
Using previously published data for the 
resistance paint films, calculations 
are presented showing the effect 
paint films current distribution. The 
advantages good paint coatings 
cathodic protection and the difficulties 
cathodically protecting unpainted 
structures are discussed. 13889 


5.2.1, 5.4.10 


The Application Cable Cathodic 
Protection. Pt. Pt. II. 
FisHer. Corrosion, 13, No. 519t- 
526t (1957) August. 

The requirements suitable metal- 
lic conductor cathodic protection 
system are discussed. Particular atten- 
tion paid economic factors and 
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power loss the selection suitable 
conductors and the most satisfactory 
cable sizes. Data are given show the 
relative electrical resistivity copper, 
aluminum, iron and lead. 

The selection cable insulation 
protective coverings cathodic protec- 
tion systems discussed detail, 
are given show physical and acceler- 
ated aging requirements 
insulation and polyvinyl chloride 
compound. Data also included show th: 
electrical stability various types in- 
sulation after immersion tap 
and after immersion various 
cals. Other topics discussed include me- 
chanical properties insulation, insula- 
tion versus environment, installation 
techniques and splicing requirements. 

was found that cable construc 
tion which makes use 
insulation and chloride 
sheathing compound has the best com- 
bination properties for use ca- 
protection. 14015 


7.2 

Cathodic Protection Oil Well Cas- 
ings Kettleman Hills, California. 
13, No. 507t-514t (1957) August. 

Results are reported cathodic pro- 
tection tests made three oil well cas- 
ings Kettleman Hills, California. The 
tests showed that cathodic protection 
practical method controlling ex- 
ternal casing corrosion least 
depths 8000 feet, provided sufficient 
current used. Current densities the 
order 1.0 1.5 per are be- 
lieved necessary provide essentially 
complete protection wells the area. 
Both surface potential and casing poten- 
tial profile measurements were made 
during the tests. Inexpensive surface 
measurements casing potentials re- 
ferred remote reference electrode can 
used indicate with reasonable ac- 
curacy the degree protection obtained 
with cathodic protection. 14105 


5.2.1, 8.9.3 

Cathodic Protection for Modern Gas 
Service. CHEN. Milwaukee Gas 
Light Co. Gas Age, 119, No. 42, 44-45 
(1957) April 

Description new and tested de- 
velopments cathodic protection 
cast iron, bare steel, coated steel and 
copper tubing used gas distribution. 
Diagrams.—INCO 14052 


5.2.1, 8.9.5 

Cathodic Protection Ship Hulls. 
Potential Measurement Ships 
Gdansk Gdynia Harbors; Tests Ca- 
thodic protection Model 10,000 
DWT Ship. (In Polish.) 
Przemysl Chem. 13, 26-30 (1957) 

an. 

model (working surface 3.5 
sq. m.) was cathodically polarized 
current 7.5 mv. protective poten- 
tial determined against 
chloride 14082 


5.3 Metallic Coatings 


5.3.4 


Effects Impurities and Purification 
Electroplating Solutions. Nickel 
Solutions. The Effect and Removal 
AND Dow. Paper before Am. Elec- 
troplaters’ Soc. 43rd Ann. Conv., Wash- 
ington, C., June 17-21, 1956. Tech. 
Proc. AES, 1956, 44-46. 

Preparation deposits and evaluation 
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effect aluminum appearance, was stable and had good throwing than the addition anions 
ductility, hardness, throwing er; the mean rate deposition the bath. Deposits from the “com- 
th: power and salt spray corrosion resist- chromium from was greater than that bath were found somewhat 
copper, are discussed. Aluminum from the “standard” bath under all ordi- and less porous than those from 
droxide solution conditions operation (tempera- the “standard” 13602 
density completely ineffec- with 15.5 for the “standard” 5.4 Non-Metallic Coatings 
removing aluminum. High bath. Photomicrographs the deposits and Paints 
aluminum hydroxide show that those from the “combined 
th: 4.5 all but are cracks than are present “stand- Anticorrosive Paints. Pit- 
allation Product Eng., 27, No. metal. The degree orientation the paint and the applications alu- 
nts. 180-183 (1956) Nov. crystallites was more influenced paints are reviewed. 
nstruc Distinguishes between the ductile and density and temperature dep- —RPI. 13950 
com- ications for each type; chromizing spe- 
cal alloys, molybdenum, tungsten, 
14015 alloys, graphite and cermets.— 
13650 
HOLIDAY 
Good Rinsing for Good Plating. 
ic pro- (1956) Feb. 
The seven main recommendations 
tion made. They are: pure water ob- 
fficient agitation important, wetting agents 
the can improve rinsing considerably, rinse 
water should not too cold, enough 
ntially time should allowed for rinsing and 
area. the rinse tank should kept small 
made 
5.3.4 
Applied Chem., USSR (Zhur. 
Priklad. Khim.), 29, No. 589-595 
(1956). 
Gas Addition the sulphates sodium, 
Gas lithium, zirconium and cesium 
44-45 “standard” chromium-plating bath con- DEPENDABLE, SAFE 
taining chromium trioxide 250 WRAPPINGS 
sulfuric acid had little effect the This detector will locate pin-holes 
process, re- and bare spots plastic tape appli- 
anc maining 12- ition tungsten 
molybdenum the bath led the cations such polyethylene, ete. 
14052 formation alloy deposits high EASILY PORTABLE 
corrosion-resistance, but low Hand-held instrument weighs but 
Sulphate-free fluoride baths were found lb. Easily inspects applications field 
over wide joints, service tees, valves and fittings. 
Ca- tures (including low temperature and Not recommended for pipelines. 
10,000 current density) and after passage AUDIO SIGNAL 
point excrescences and When the low energy spark locates perfor- 
Heck streaks appeared the through tape wrapping, spark sound 
ions were also present (at least 0.5% amplified speaker inside the unit. Unit 
the chromium trioxide content) that has insulated plastic case and handle. 
low were obtained from baths contain- wide can’t 
14082 ing small amounts hydrofluoboric Pliable silicone 
acid, while baths containing additions injure wrappings yet 
only fluosilicic acid also gave poor de- gives accurate check. Other width electrodes avail. 
bath containing 250 g./1.-+ Detector plasti ith 6-volt, dry-cell battery 
25% over wide range blade. Ground wire cable 4-ft. long. Carrying case. 
noval temperatures and current densities; Write for literature... 
bath containing sulfuric acid, fluosilicic 
Tech. servations are contrary TIN KER RASOR 
1947). The “combined” bath 417 AGOSTINO ROAD, P.O. BOX GABRIEL, CALIFORNIA ... ATlantic 7-7942 
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5.4.5 


Comparative Weathering Tests with 
Asser and Atlas Instruments Some 
Commercial Synthetic Resin and Nitro 
White (In German.) 
Schweiz. Archiv angew. Wiss. Tech., 
22, No. 97-101 (1956) March. 


5.4.5 


Influence the Type and Amount 
Pigment the Permeability Paint 
Films. Bercer. Deut. Farben-Z., 10, 
Nos. 211-215, 243-251 (1956). 

The porosity, true and apparent swell- 
ing and permeability 
with various media were measured 
0.01 hydrochloric acid soluition after 
the effects acid concentration, film 
thickness the paints 
had been examined. For insoluble pig- 
ments such zinc sulfide and lithopone, 
permeability decreased with 
mentation slightly porous, weakly 
swelling media and increased porous, 
strongly swelling media. For oxide, 
which was dissolved the electrolyte, 
permeability decreased with pigmenta- 
tion non-porous, moderately strongly 
swelling media and increased porous, 
swelling media and, above 
pigment concentration, weakly swell- 
ing, slightly very porous media. The 
influence pigmentation the swell- 
ing characteristics various types 
media discussed. The zinc oxide was 
dissolved out the medium was weakly 
swelling porous, strongly swelling 
and non-porous.—ZDA, 13965 


5.4.5 


Inst. Metal Finishing (Trans. IMF, 
No. 1827 (1956) Autumn. 

account properties silicone 
resins useful surface 


13968 


’ 


5.4.5 


Vinyl Coatings for Metal Products. 
Materials and Methods, 
45, 130-134 (1957) Mar. 

Properties, methods application and 
uses vinyl coatings work primer 
solution and dispersion types—MR. 

14058 


5.4.5 


Phenolic Coatings for Metal Products. 
Materials and Methods, 45, 
No. 106-109 (1957) 

Discussion four principal types 
phenolic coatings, their resistance 
chemicals, solvents, oil and water and 
their abrasion and mar resistance. Prop- 
erties, uses and cost coatings cov- 
13862 


5.4.5 


How Determine ‘Comparable 
Cost’ for Paints. AND 
Jr. Corrosion, 13, No. 
505t-506t (1957) August. 

formula given which can used 
calculate the percent solids volume 
when the percent solids 
weight, weight paint and density 
volatile component are known. The 
value obtained then can inserted into 
second formula determine the com- 
parable cost for paints dollars per 
cluded which can used determine 
both the percent solids volume and 
the comparable cost for paints. sam- 
ple problem worked out the nomo- 


graph. 14106 


’ 
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5.4.5 

Failure Organic Coatings. 
119-122 (1956). 

Various forms breakdown (blister- 
ing, chalking, etc.), paint films are 
discussed.—RPI. 14026 


5.4.5 

Thixotropic Coating Metals. (In 
German.) YAMAGUCHI. 
Z., 149, 125-126 (1956) Dec. 

layer subjected long periods 
inactivity, irreversible alterations cause 
deterioration. 14036 


Temporary Protective Coatings for 
Metals. Essential Requirements. 
Products Finishing, 10, 79-91 
(1957) January. 

Tabulated data the composition 
wide range temporary protective 
coatings and their performances un- 
der accelerated test 


13860 


5.9 Surface Treatment 


5.9.4, 3.5.9 

Corrosion Resistance Phosphated 
Steel after Heating. Doss. Org. Fin- 
ishing, 17, No. 6-9 (1956). 

Zinc and manganese phosphate coat- 
ings were heated under oil 25° inter- 
vals the range 175-450 Accel- 
erated corrosion tests these coatings 
indicated that zinc phosphate coatings 
began lose their corrosion resistance 
when heated, the absence air, be- 
tween 300 and 325, 
phate between 400 and 425 The heat- 
the phosphate coating the ab- 
sence air similar the baking 
paint phosphated pieces. Therefore, 
the performance zinc phosphate coat- 
ings under paint requiring baking sat- 
isfactory, since the coating not heat- 
temperature which will decom- 
pose the coating and decrease the cor- 
rosion protection offered 

13575 


5.9.4, 6.2.2 

Origin Graphite Cast Iron. 
Harris AND Foundry Trade 
J., 102, Nos. 2107, 2108, 267-277, 311-314 
(1957) Feb. 28, Mar. 

Previous work origin graphite 
cast irons considered and two 
mechanisms for flake-graphite phase for- 
mation are discussed. Direct mechanism 
assumes that graphite forms during 
solidification process nucleation 
and growth directly from liquid. Pres- 
ent work presents evidence support 
indirect mechanism whereby graphite 
solid state. Reheating tests, kinetic 
studies and quenching tests are de- 
scribed. Effects alloy composition and 
molten-metal treatment and rate cool- 
ing during and immediately following 
solidification were studied relation 
graphite formation both processes. 
Results show that decomposition 
into iron and graphite during 
and immediately after solidification 
far more frequent occurrence than 
hitherto considered. this basis, the- 
ory for graphite formation through de- 
composition FesC hypoeutectic cast 
irons put forward. Cooling and de- 
composition curves, photomicrographs. 
—INCO. 13743 


ENGINEERS Vol. 
5.9.4 

Effect the Chromic Acid Rinse 
Phosphate Coatings. Doss, 
McHenry and Organic Fin 
ishing, 18, No. 4-6, (1957). 

Steel specimens were phospated 
each phosphating baths 
P-32, radioactive isotope phospho 
rus, tracer. Activity measurement 
were made before and after 
the phosphated specimens one 
three chromic acid rinses. The percen 
loss phosphate due the 
action the chromic acid rinse 
calculated from the counting rates 
tained. Specimens were then subjecte: 
salt spray and boiling and 
efficiency the rinses regards cor 


rosion inhibition was 


5.9.4 

Mechanism the 
USSR (Zhur. Priklad. Khim.), 30, No. 
528-533 (1957). 

Experiment distinguishes between 
smoothing the surface and increasing 
its reflecting power. figures, refer- 
ences.—ATS. Translation available: As- 
sociated Technical Services, Box 
271, East Orange, New Jersey. 14306 


5.9.4, 3.8.4 

Anodic Oxidation Aluminum, Chro- 
mium, Hafnium, Niobium, Tantalum, 
Titanium, Vanadium, and Zirconium 
Very Low Current Densities. HERMAN 
chem. Soc., 104, No. 339-346 (1957) 
June. 

Some aspects the mode forma- 
tion anodic oxidation films the po- 
tential region below oxygen evolution 
were examined for number metals 
under nearly constant experimental 
conditions possible. The 
lected were aluminum, titanium, hafnium, 
vanadium, niobium, tantalum and chrom- 
ium. Results for zirconium were re- 
ported earlier publications. Electro- 
lytic parameters and 
were evaluated from the unitary forma- 
tion rates. Local currents were 
mated using the method described pre- 
viously. 14278 


5.9.4, 5.3.2 

Two-Step Process Retards White 
Rust. Brown. Penna. Salt Mfg. Co. 
Iron Age, 178, No. 19, 106-109 (1956) 
Nov. 

Corrosion resistance tests (pressure 
cooker, water film, condensation and 
“stack” tests) showed beneficial effect 
various treatments for galvanized 
steel sheet: immersion dilute aqueous 
solutions fatty amine acetates, neutral 
oleates and stearates form hydropho- 
bic films. Further improvement resulted 
from subsequent treatment 
chromic solutions without impairing hy- 
drophobic 13930 


5.9.4, 5.3.2 

Evaluation Phosphate Coating 
Over Electrodeposited Zinc. 
ALEXANDER. Paper before American So- 
ciety for Testing Materials, Symp. 
Properties, Tests and Performance 
Electrodeposited Metallic Coatings, Spr. 
Mtg., Buffalo, Feb. 29, 1956, and 2nd Pa- 
cific Area Mtg., Los Angeles, Sept. 
19, 1956. ASTM Special Technical Pub- 
lication No. 197, 1957, 97-104; disc., 105- 
106. 

Two methods for determination 
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coatings applied zinc plate 
were examined—one employing vana- 
stripping solution and 
other sodium hydroxide solution. 
Vanadate-molybdate method gives more 
results sodium hydrox- 
method more simple and direct. 
panels were coated with zinc plate 
‘rom both alkaline and acid baths 
ninimum thickness 0.2 mil. Plated 
received phosphate coatings 
weights. Phosphated panels 
vere varnished and evaluated with un- 
arnished and unphosphated panels. 
“ests include exposure salt spray, 
umidity laboratory, seaside atmos- 
Kure Beach and tropical at- 
nosphere Panama Canal Zone. Tables, 
specimens.—INCO. 
14199 


MATERIALS CONSTRUCTION 


5.2 Ferrous Metals and Alloys 


Studies Corrosion Iron. (In 
rerman.) YAMAGUCHI AND 
Werkstoffe Korrosion, No. 
626-628 (1956) Nov. 
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oxides are discussed. Formation 
gamma and alpha iron rust and how 
conditions their formation are affected 
magnetic behavior iron oxides in- 
cluded. Results magnetic test are 
confirmed those X-ray structure 
13876 


Investigation Acid-Resistant 
High-Silicon Iron, Rept. II. Effects 
Alloying Elements Mechanical Prop- 
erties, Corrosion Resistance and Shrink- 
AND Muranaka. Iron 
Steel Inst. Japan, 43, No. 652-657 
(1957) June. 

The effects silicon and carbon 
the mechanical properties, corrosion re- 
sistance and shrinkage acid-resistant 
high-silicon irons have already been re- 
ported the authors. the present 
investigation, the effects various alloy- 
ing elements, phosphorus, sulfur, 
vanadium, titanium, aluminum, arsenic, 
tin, manganese, nickel, chromium mo- 
lybdenum, cobalt, copper and tungsten 
these properties have been studied. 

Results: (1) Elements showing favor- 
able effects the transverse strength 
high-silicon iron were 
nickel (0.7%), cobalt (0.3%), chromium 
(0.6%), (3%), tungsten 
(0.8%), vanadium (0.09-0.5%), titanium 
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(0.3%), aluminum (0.06%) and copper 
(0.3-3%). (The numbers parentheses 
indicate the optimum contents). (2) Ele- 
ments promoting growth graphite, 
such copper and aluminum, decreased 
the Rockwell hardness, while the ele- 
ments, so-called carbide stabilizers, di- 
minishing the size graphite and fa- 
phases, such manganese, phosphorus, 
chromium and molybdenum increased 
the hardness. (3) The corrosion resis- 
tance sulfuric acid was improved 
addition manganese, phosphorus, 
nickel, cobalt, chromium, vanadium, cop- 
per and arsenic. Among these elements, 
copper was most effective. was ad- 
versely affected tin and sulfur. For 
hydrochloric acid molybdenum 
had good effects while tin and phos- 
phorus had deleterious 

14261 
6.2.2, 4.6.11, 8.9.5 

The Corrosion Resistance Ductile 
Iron Sea Water and Petroleum 
Tanker Services. Paris AND 
296t (1957) May. 

Laboratory data are given which com- 
pare the corrosion resistance gray 
iron, steel and ductile iron sea water 
and various acid solutions different 
concentrations. Data also are presented 
show the performance ductile iron 
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Humble Oil Refining niversal Oil Products 
Intenational Nickel Co., Inc., The Coke 
Koppers Company, _.. Protective Coating Company 
when used for product lines petro- 2.3.7 


leum tankers. particular interest 
information presented for low alloyed 
ductile iron which has given complete 
satisfaction under highly aggressive con- 
ditions petroleum tanker service. 
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Control Steel Construction 
Avoid Brittle Failure. SHANK, 
1957, 184 pp. Welding Research 
Council, American Welding Society, 
39th Street, New York 18, New York. 

Discusses importance materials, de- 
sign and fabrication 
formance steel—INCO. 14136 


6.2.3, 3.7.3 

the Corrosion Ship Structural 
Steel: Effects Pre-Strain and Weld- 
Japan Society for Testing Ma- 
No. 38, 649-653 (1956) Nov. 

order study the effects pre- 
strain and welding the corrosion 
ments were performed determine de- 
gree corrosion measurement 
electrical resistance increment test 
pieces. The results obtained are 
follows: 

(1) Steel becomes more sensitive 
corrosion the amount pre-strain 
increases. 

(2) Particularly, corrosion steel 
containing welded part seriously ac- 
celerated. 

(3) Effects pre-strain the cor- 
rosiveness steel have been reduced 
welding such union welding which 
produces large quantity 

13918 


78a 


Prot Fatigue Study Aircraft 
Steel the Ultra High Strength Range. 
before Am. Inst. Mining Met. Engrs., 
Cleveland, October, 1956. Metals 
(Trans. AIME), No. 401-406 
(1957) April. 

Determination relationship between 
fatigue and tensile properties ASM- 
6434 (nickel-chromium-molybdenum- 
vanadium steel containing 1.72-1.83 
nickel) 155-280 ksi tensile strength 
range, using the Prot method fatigue 
testing. Useful increase fatigue 
strength carefully ground specimens 
was found 240 ksi tensile strength 
with endurance ratio 0.40-0.42; above 
this level fatigue strength appeared 
level off drop slightly. Every fa- 
tigue fracture initiated non-metallic 
inclusion, pointing importance 
cleanliness microstructure fatigue 
applications. Some trend 
stress decrease inclusion size in- 
creased was noted. Comparison with 
Wohler method showed worthwhile 
savings specimens and test time 
through use Prot progressively in- 


6.2.5, 3.7.3, 5.9.3, 4.4.6 

Comparison Surface 
Finishes and Heat Treatment Stain- 
less Steel with Respect Corrosion 
13, No. 10, 672t-676t (1957) October. 
Samples were made from free machin- 
ing AISI 440C stainless steel. They 
were identically hardened and tempered 
different tempering temperatures. 
The samples were’ then given five dif- 
ferent surface finishes (i.e., grit blast, 


chro honed, ball burnished, ground and 
carborundum blast). After initial weigh- 
ing the samples were subjected cor- 
rosion environment JP-4 fuel and 
water. The samples were removed 
varying times, cleaned and agaii 
weighed. Weight losses were 
for different tempering temperatures 
different surface finishes. 


From the test results 
cluded that: (1) This steel should no: 
heated above 400 (750 for great- 
est corrosion resistance, (2) 
greater when JP-4 fuel above 
the water, (3) The order corrosion 
resistance was due largely surface 
roughness the different finishes. 
order, decreasing corrosion resistance 
follows: (a) Ground surface, 
Ball burnished, (c) Carborundum 
(d) Chro honed, (e) Grit blast. 


6.3 Non-Ferrous Metals and 


6.3.12 

Further Studies the Properties 
Rhenium Metal (and the Platinum/ 
Rhenium Thermocouple). CHESTER 
Inst. Mining Met. Engrs. (J. Metals), 
206, No. 913-917 (1956). 


ibid., 203, 168 (1955).] Further 
experimental work the physical, me- 
chanical and corrosion-resistance prop- 
erties pure rhenium 
approximately linear manner, being 67.5 
ture and 880 respectively. The 100-hr. 
rupture stress 20,000 1000 
and 800 2000 estimated 
from plot. Annealed 
sheet has 0.1% offset 131,000 
elongation 28%; sheet reduced 
30% cold working has 0.1% offset 
and elongation 2%. Cold 
swaging wave drawing work hardens 
the metal more than does rolling. Addi- 
tions thorium dioxide 
UTS and ductility, and lower the re- 
crystallization temperature. Molten sil- 
ver, copper, tin and zinc not attack 
the metal, but slowly attacked 
molten aluminum and readily dissolves 
molten iron and nickel. The thermo- 
follows the relationship 1.56 —0.90 
emf mV. and °K. The first 
gives 
power 2.58 10°T 
increases linearly with increasing 
temperatures that the couple has 
increasing sensitivity with increasing 
temperature and rhenium should, there- 
fore, most useful the highest tem- 
peratures. 13738 


6.3.13, 8.10.2 

Tantalum: Its Manufacture and 
Chemical Uses. Brit. Chem. 
Eng., No. 152-157 (1956) July. 

Treatment the ores alkali fusion 
solution hydrofluoric acid, produc- 
tion the metal sodium reduction 
electrolysis fused methods 
handling hydrofluoric acid 
dium, consolidation tantalum powder, 
future prospects (including possible pro- 
duction magnesium reduction tan- 
talum chloride), corrosion resistance and 
properties the metal—BNF. 14092 
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Now...with 


CORROSION 


SURVEYS 


without system shutdown! 


THE Cosasco FITTING provides the key 
successful corrosion survey work transmis- 
sion, storage, recovery and processing equipment. 
Previously, had been difficult and costly—if not 
impossible—to run corrosion surveys inside pipe- 
lines and other pressure vessels without shutting 
down the system. Now, with Cosasco Access 
Fittings, corrosion surveys all kinds can made 
under full operating pressures. 


CORROSION COUPON SURVEY. Enables the Corrosion 
Engineer determine corrosion taking place. 
Grade 303 stainless steel coupon holder installed 
through regular Cosasco Access Fitting body...can 
easily inserted withdrawn under pressure any 
time. Holders are made categories adaptable 
various line sizes and survey techniques. Corrosion 
available standard lengths 3”, 6”, and 
8”, any type steel rare metal—may fully 
insulated from unaffected 
external soil conditions. 


WATER SAMPLING SURVEY. Takes sample line fluid 
for analysis. Special Cosasco water sampling plug 
with extension nipple and fluid catch attachment 
303 inserted Access Fitting body through 
main valve. upper assembly consisting 
horizontal and vertical run, each with valve, 
installed the main valve. This permits taking 
sample under full pressure and normal operating 
conditions determine causes corrosion. 


THERMOCOUPLE SURVEY. Tells operator what part tem- 
perature playing corrosion problem. Cosasco 
thermocouple plug attachment (S. 303) inserted 
Access Fitting body and main valve removed. 
Iron constantin wire then pushed through gage 
carrier plug into position the line. Thermocouple 
can removed will hooked chart recorder 
for continuing temperature check. 


ATOMIC HYDROGEN SURVEY. Discloses whether free atomic 
hydrogen causing internal blistering. Cosasco hydro- 
gen probe installed through body Access Fitting 
...can easily withdrawn while vessel line 
stream. Ball-check safety device protects against blow- 
out damage gage should lower end probe 
damaged excessive hydrogen line. fluid. Probe 
detects presence free atomic 
rate hydrogen diffusion. 


RATE-OF-CORROSION SURVEY. Gives rate-of-corrosion 
reading electronically. Cosasco Corrosometer* Probe 
installed under pressure through Access Fitting... 
quickly gives corrosion reading increments 
microinches without removing specimens interfer- 
ing with operations. Readings can made little 


seconds without withdrawing the probe. 
Registered 


FREE CORROSION SURVEY SERVICE 


you have corrosion survey problem, Cosasco 
can help you solve it. Send details and blueprints 
and the Cosasco solution will out 


FREE CATALOG. Send for new 32-page Catalog covering 
Cosasco’s complete line Access Fittings for Corrosion 
Surveys, Oilfield Production, Wellheads, Fracturing and 
Drilling. 


DIVISION 


PERFECT CIRCLE CORPORATION 


11655 McBEAN DRIVE, MONTE, CALIFORNIA 
Export Office: 3631 Atlantic Bivd., Long Beach California 
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THE 


ACCESS 


your key access under pressure... 


WHETHER oilfield production, refinery 
pipeline application, the Cosasco Access Fitting 
your key entry against pressure—any time! With 
Cosasco Access Fittings you can seal off outlets but 
replace valves other instru- 
ments, coupons, samplers, thermocouples and 
hydrogen probes without interfering with normal 
operations. 

HOW WORKS. The Cosasco Access Fitting consists 
three parts: low-carbon stainless steel (Grade 303) 
gage carrier plug, high-carbon steel body and safety 
ring. closed position (see illustrations right), the 
plug primary seal presses against the tapered seat 
the body, effectively blocking the flow gas fluid. 
open position, the plug backed off until shoul- 
ders against the safety ring. This lifts the plug straight 
from its seat and admits very little 
the primary seal. Blocked the O-ring 
secondary seal, the gas fluid enters the plug through 
the by-pass holes for direct contact with gage other 
external equipment. 

ACCESS UNDER PRESSURE. means special tool— 
the Cosasco High-Pressure Retriever—the gage carrier 
plug can removed from the Access Fitting under 
full operating pressure. This enables the operator 
gain access will. 

SAFETY. The Cosasco Access Fitting the ultimate 
safe devices for pressure readings. Only minute vol- 
ume gas fluid ever admitted the 
accuracy impaired. Cosasco Access Fit- 
tings have rated working pressure 10,000 psi... 


are being successfully used pressures excess 
this figure. Only torque are required 
operate the gage carrier plug under 10,000 psi 
pressure, and the only tool needed standard box 

FREE CATALOG. New 32-page catalog covers 
complete line access fittings, including applications for 
oilfield production, wellheads, fracturing, drilling and cor- 
rosion surveys. Write for free copy today. send details 
and blueprints and let Cosasco Engineering Dept. solve 
your particular access-under-pressure problem. 
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Sony 


SSS 


Access Fitting closed. Primary 
seal position against 
tapered seat of body. Plug is 
never contact with body 
except straight threads...is 
protected from pressure, fluid, 
distortion, wear all times. 


Access Fitting open. Gage car- 
rier plug is shouldered against 
safety ring. Pressure admit- 
ted past primary seal through 
by-pass holes into hollow plug 
interior. Secondary O-ring 
provides positive seal. 


DIVISION 


PERFECT CIRCLE CORPORATION 


11655 McBEAN DRIVE, MONTE, CALIFORNIA 
Export Office. 3631 Atlantic Bivd., Long Beach 7, California 


4 
: 
= 
| 
sid 
an 
Ib: 
q 
‘ 


provides low cost, long term 


THE PROBLEM: protect the steel rake arms and influent 
wells three 200’ diameter presediment basins. 


THE ANSWER: Duriron impressed current anodes! Strings 
Duriron 114” dia. long anodes were extended along both 
sides the rake arms, hung vertically protect the lower section 
influent wells and center structures, and suspended horizontally 
1614’ radius depth four feet below the water level. 

These systems have been operation for months (220,000 
ampere hours per basin). The structures are thoroughly protected, 
and the consumption rate the anodes approximately 0.25 
yr. The life expectancy the systems 15-20 years. 


THE DURIRON COMPANY, INC., Dayton, Ohio 


Duriron anodes are available variety 


shapes and sizes for applications fresh water, 

IMPRESSED ground bed, and salt water services. For com- 
plete details, see your cathodic protection spe- 


cialist write The Duriron Company, Inc.; 
Dept. CP; Box 1019; Dayton, Ohio. 
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TARSET High Temperature Gas 
Injection Lines from Corrosion Elk City Field 


injection lines serving the Hoxbar Unit 
the Elk City, Oklahoma oil and gas 
field face some very tough underground corro- 
sion conditions. 

Operated the Shell Oil Company for 
Shell and other participating members, the 
Elk City Processing and Gas Cycling Plant 
recycles gas through the injection lines 
injection wells, maintaining reservoir pressure 
and increasing the field’s ultimate recovery. 

Because the carbon steel injection lines carry 
gases 230°F. and pass through spots 
where trapped water creates very corrosive 
conditions, the lines soon began corrode 
despite heavy wall thicknesses. 


PITT CHEM 
Coal Tar Coatings 


PITT CHEM 


PITT CHEM 


Coal Tar- 
Epoxy Resin Coating 


PITT CHEM Industrial Coatings are available through 
leading Industrial Distributors. See the “Yellow Pages.” 


PROTECTIVE COATINGS PLASTICIZERS COAL CHEMICALS 


Gilsonite Coatings 


Shell recently reconditioned the injection 
line system—some six miles pipe—and 
coated the lines with Pitt Chem Tarset. 
patented coal tar-epoxy resin coating, Tarset 
was selected because its excellent service 
record the petroleum industry and its ability 
withstand high temperatures and corrosion 
conditions. Tarset was applied spraying. 
Future coating may done the experi- 
mental machine illustrated above. 

What’s your toughest corrosion control prob- 
lem? Perhaps tough, durable, cold-applied Pitt 
Chem Tarset can solve for you. Tarset 
available through your local Industrial Distrib- 
utor. Call him for more information today! 


ACTIVATED CARBON COKE CEMENT PIG IRON 
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